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TASMANIA. 


The Island of Flinders, off the north coast of Tasmania, is practically unknown 
as a mineral locality except to a few Australian collectors. Yet a trip recently 
made to the Island by a gentleman collecting exclusively for us, yielded 

GMELINITE 

In magnificent crystals whose size, perfection and beauty excel those of any 
known examples of this rare species. They occur in cavities in a hard basalt, often 
having a background of clear, gem-like Analcites. Associated with tufts of Natro- 
lite, they make rich and handsome specimens. They possess fine lustre and are 
sometimes { inch across. 

SPHAEROSTILBITE 
Occurs in minute but bright balis, scattered over Natrolite. and also as a thin, 
transparent coating over primitive form Calcite crystals. 

NATROLITE AND ANALCITE 

in very pretty association. The clearness and brilliancy of the groups of the latter 
mineral are unrivalled. 

Prices are low, as with zeolites from other localities. 50c. to $3.00 for fine speci- 
mens, though the best of the Gmelinites are 36.00 to $9.00. 


COLLECTIONS OF MINERALS 


For Schools, Teachers, Students and Prospectors. 
Send for price list. 
(as> We make a specialty of preparing educational collections, and guarantee 
accuracy of labelling and strictly scientific arrangement. 
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Art. XIX.—Principal Characters of the Protoceratide ; by 
O. C. MarsH. Part I. (With Plates II-VI.) 


THE genus Protoceras, described by the writer in 1891, 
from the Miocene of South Dakota, is now known to include 
some of the most interesting extinct mammals yet discovered. 
It likewise represents a distinct family, and thus deserves care- 
ful investigation and description.* Before this discovery, no 
horned artiodactyles were known to have lived during Miocene 
time, and Pyrotoceras is thus the earliest one described. The 
type specimen, moreover, had a pair of horn-cores on the parie- 
tals, and not on the frontals as in modern forms of this group. 
The animal was apparently a true ruminant, nearly as large as 
a sheep, but of more delicate proportions. 

The first skull found, the type specimen of the genus Proto- 
ceras, belonged to a female, as later discoveries demonstrated. 
The skull of the male proved still more remarkable, and espe- 
cially resembles the male skull of the Eocene Dinocerata in 
having several pairs of horn-cores or protuberances upon the 
head, a feature hitherto unknown among the Artiodactyla. 
It is an interesting fact, moreover, that one pair of these horn- 
cores of Protoceras is on the maxillaries, as in Déinoceras, 
while the posterior pair, as in that genus, is on the parietals. 


* This Journal, vol. xli, p. 81, January, 1891; and also, vol. xlvi, p. 407, 
November, 1893. 
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166 Marsh—Principal Characters of the Protoceratide. 


The resemblance in the two skulls is further enhanced 
by the absence of upper incisors and the presence of large 
canine tusks, forming together a ¢‘ iking similarity in impor- 
tant features, between skulls pertaining to animals of two dis- 
tinct orders, and from widely different geological horizons. 
The skull of the male Protoceras is shown in Plate II, and 
that of Dinoceras in the text below. 


FigurE 1.—Skull of Dinoceras mirabile, Marsh; type; seen from the side. 
One-seventh natural size. Hocene. 


Ié is a noteworthy fact, that in still another order of ungu- 
late mammals, the Perissodactyla, horn-cores in pairs early 
made their appearance, although none are known in the recent 
forms. One of the earliest instances is seen in the genus Colo- 
noceras from the middle Eocene, which had rudimentary pro- 
tuberances upon its nasal bones, as represented below, in figure 
2. The gigantic Brontotheride of the lower Miocene all had 
prominent horn-cores on the maxillary bones, somewhat like 
those of the male Protocerus. One of the most unexpected 
examples, however, in this order, appears in the Miocene 
genus Diceratherium, the type specimen of which is shown in 
figure 3. This animal, although a true rhinoceros, had a pair 
of horn-cores on the nasal bones, while all other rhinoceroses, 
living and extinct, are either without horns or have them on 
the median line. In short, horns in pairs are unknown in exist- 
ing mammals, except in the artiodactyles, an order of later devel- 
opment, but now the dominant group of ungulate mammals. 
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The Male Skull. 


The skull of the male Protoceras, in addition to the marked 
characters above mentioned, has others of equal interest, if 
not of still greater taxonomic value.* The general appearance 
of the adult male skull is well shown in Plate II, accompany- 
ing the present article, and the special anatomical characters 
are represented more clearly in the different views on Plates 


III, IV, V, and VI. 


FiGURE 2.—Skull of Colonoceras agrestis, Marsh; type, with brain cast; seen from 
above. About one-half natural size. Eocene. 

FiGurRE 3.—Skull of Diceratherium advenum, Marsh; type, with brain cast ; seen 
from above. One-sixth natural size. Miocene. 


Aside from the various horn-cores and protuberances upon 
the skull, the next most notable feature is the very large, open 
nasal cavity, a character which pertains to both sexes, and to 
the entire family of the Protoceratide. This peculiar feature 
is of even more importance than the horn-cores, judging from 
its functional significance, and its rarity in more recent forms 
of artiodactyles. It indicates clearly in the living animal a 

* Osborn and Wortman, Bulletin, Amer. Mus. Nat. Hist., vol. iv, p, 351, 1892, 
See also Scott, Jour. Morph., vol. xi, p. 303, 1895. 
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long flexible nose, if not a true proboscis. The only existing 
ruminant thus equipped, known to the writer, is the rare 
Saiga antelope (Saiga Tartarica, Gray) from the steppes of 
Siberia. A comparison of a Protoceras skull with that of the 
Saiga antelope plainly indicates, in the nasal region, an iden- 
tity of function doubtless accompanied by a similar nasal 
appendage, and it is of interest to find such evidence of this 
feature in a representative from the Miocene of North America. 


The general form of the male skull of Protoceras is long and 
narrow, with the facial portion much produced. The prom- 
inent horn-cores, however, serve to obscure its real shape, 
which is more apparent in the female skull. Seen from the 
side, as in Plate III, it appears unusually low, with the orbit 
well behind. Its greatest width is in the posterior region, as 
shown in Plates V and VI. 

The premaxillaries are small and edentulous. Their anterior 
extremities are depressed, and more or less expanded trans- 
versely, as in typical ruminants. The outer suture between 
the premaxillary and maxillary is short, and persistent even in 
adults, as indicated in Plates II and III. Seen from below, 
the premaxillaries form together the palatal surface in front of 
the maxillaries, each sending backward a narrow process which 
is inserted between the divergent maxillary plates. The 
anterior palatine, or incisive, foramina are situated on the sutures 
separating the two bones, as represented in Plate V. 

The maxillary bones are greatly developed, being much the 
largest elements of the skull, as is well shown in Plate II. The 
anterior extremity supports the large descending canine tusk, 
and is hollowed out to contain its base. The high anterior 
horn-cores are formed entirely of the maxillary bones, which 
are greatly strengthened to support them. These horn-cores 
are more or less recurved, and in the type species, their sum- 
mits are triangular in outline, as seen in Plates II and III, and 
in the cut below, figure 4. In a new species, Pvrotoceras 
nasutus, the summits of the maxillary horn-cores are oval in 
section, as shown in cut 5. Another characteristic feature of 
the genus /rotoceras, which is seen in both sexes, is a strong 
lateral ridge extending nearly horizontally across the outer 
face of the maxillary bone, and continuing backward to the 
orbit. It is also present in the other members of this family. 
In the male skull here described, this ridge begins near the 
base of the maxillary horn-core, and, expanding into a prom- 
inent tubercle, just above the antorbital foramen, continues 
backward by an upward curve, and passes into the ridge of the 
malar bone extending beneath the orbit. In both sexes, the 
anterior portion of this lateral ridge, with its characteristic 
tubercle, forms the lower border of a deep, well-marked 
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depression, which probably contained a gland. In Plate II, 
this cavity is well shown behind the maxillary horn-cores, just 
below the point where the superior border of the skull is 
lowest. 

The nasal bones join the maxillaries above, and complete the 
posterior border of the large narial opening. They are of 
moderate length on the median line, and their free anterior 
extremities are quite short. These bones are much expanded 
transversely, and at their widest part articulate with the 
lachrymals. All the sutures surrounding the nasals are dis- 
tinct, and this is true, also, of their median suture. Their 
upper surface is convex, both transversely and longitudinally, 
and is marked by two deep grooves, which lead backward to 
the supra-orbital foramina in the parietals, as shown in Plate 


IV. 


Figure 4.—Front of skull of Protocerus celer, Marsh; seen from the left side, 
Fiaure 5.—Front of skull of Protoceras nasutus, Marsh; seen from the left. 
Both are male skulls, and drawn one-half natural size. Miocene. 
h, maxillary horn-core; h', section of same. 


The frontals, which bound the nasals behind, are large mas- 
sive bones, much wider than long. The suture which unites 
the two frontals is distinct, and cuts the naso-frontal suture 
nearly at right angles. At the lateral junction of the frontal 
and nasal, there is on each side a low tuberosity, resembling a 
diminutive horn-core, and these form the third pair of eleva- 
tions on the skull. At the postero-external angle of the 
frontals, above the orbits, another pair of much larger protu- 
berances is seen, and the summits of these are widely expanded 
transversely, as shown in Plate IV. The upper surface of the 
frontals is rugose, and the deep grooves already mentioned are 
characteristic features. 
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The parietal bones are much smaller than the frontals, and 
are separated from them by a distinct sigmoid suture. These 
bones support the posterior pair of horn-cores, as shown in 
PlateIV. The general form and position of these elevations on 
the male Protoceras skull are represented in the accompanying 
plates, but they differ in each species. Behind these horn- 
cores, there is a low sagittal crest separating the deep temporal 
fossee. Back of the parietals is the short supra-occipital, which 
forms a weak lambdoidal crest bounding the temporal fossz 
behind. 

The inferior portion of each fossa is formed by the squamo- 
sal, which covers the lower half of the brain case, and joins the 
parietal above by adistinct suture, as shown in Plate III. The 
squamosal sends forward a short zygomatic branch, which fits 
into a notch in the posterior part of the malar. There is a dis- 
tinct postglenoid process. The tympanic bone is not dilated 
into a detinite bulla, but below the auditory meatus forms a 
short descending process. The periotic is behind the tym- 
panic, separated from it above by the post-tympanic process of 
the squamosal, and below by an open suture. It is wedged in 
between the latter bone and the strong and elongate parocci- 
pital process of the exoccipital. 

The orbit is closed behind by a descending process from the 
frontal, which meets the upper branch of the malar. Its lower 
border is bounded by the malar, which in front joins the 
lachrymal above and the maxillary below, as shown in Plates 
II and III. 

The lachrymal is bounded in front by the maxillary, above 
by the nasal and frontal, and below by the malar and maxillary. 
The lachrymal foramina are two in number, well within the 
orbital border. The orbits are large, suboval in outline, and 
widely separated from each other. Their posterior position is 
a characteristic feature of the genus Protoceras. 


The Base of the Skull. 

The lower surface of the male Protoceras skull is repre- 
sented in Plate V. The narrow occiput, surmounted by the 
supra-occipital, is a noteworthy character. The widely expand- 
ing orbits greatly increase the width of the skull in this region, 
and from here forward, its wedge-like shape is a striking 
feature. The large foramen magnum and the narrow diverg. 
ing occipital condyles are well seen in this view. The basi- 
occipital and the basisphenoid bones are firmly codssified, the 
suture between them being indistinct. In front of the latter 
bone is the parasphenoid, separated from it by a well-marked 
suture, and passing forward above the vomers, which are here 
distinct. The pterygoids are attached to the posterior border 
of the palatines, and above to the alisphenoids. There is no 
distinct alisphenoid canal. 
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The palatine bones are narrow, and bound in front the 
posterior nares, which extend forward to near the middle of 
the penultimate molars. The maxillary plates form the roof 
of the palate forward to the premaxillaries. At their nar- 
rowest portion, they are deeply grooved for the approaches of 
the palato-maxillary foramina, which are situated somewhat in 
advance of the second premolars. The maxillary plates are 
separated in front along the median line, to receive the posterior 
branches of the premaxillaries, and on the suture between the 
two elements, the anterior palatine foramina are in their usual 
position. The turbinal bones were apparently quite small. 


The Lower Jaw. 


The lower jaw is well represented in Plate II. It is long 
and slender, especially in front, thus corresponding to the 
skull. The ‘condyle is broad and strongly convex above. The 
coronoid process is very short, and its summit is but little 
higher than the condyle. The angle is rounded and well devel- 
oped. The ramus expands downward and is thickened beneath 
the molar teeth, and has a sharp upper edge along the diastema 
between the first and second premolars. It again extends 
downward at the symphysis, becoming more robust to support 
the front teeth. 


The Dentition. 
The dentition of Protoceras is of the early ruminant type, 
as shown by the short-crowned, selenodont molar series. The 
dental formula is as follows: 


0 ‘ l 4 3 
Incisors Canines Premolars Molars 


In the male skull, the upper canines are well developed, as 
shown in Plate II. They are compressed and somewhat tri- 
hedral in transverse section, and in life formed efficient weapons 
of warfare. The first upper premolars, a short distance behind, 
are small compressed teeth, each with two roots; and after a 
still longer diastema, the second premolars begin the con- 
tinuous series. The second and third upper premolars each 
have a large outer cusp and an inner cingulum, while the 
fourth has a distinct inner crescent, as shown in Plate V, 
which also represents faithfully the superior molars. These 
have all short crowns and the double crescents of true seleno- 
dont dentition, with a well-developed inner basal ridge on 
each. The accurate drawings of the accompanying plates 
render unnecessary a detailed description of these teeth and 
most of the others here figured. This is true, also, of various 
minor points in the structure of the skull. 
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The teeth of the lower jaw of Protoceras are indicated in 
Plate II, and the full series is shown. The three incisors are 
directed well forward, and diminish in size from the first to the 
third. The still smaller canine is situated close to the last 
incisor, and is similar in form. A long diastema follows, and 
gives the upper canine freedom of motion. The first premolar 
is somewhat similar to the corresponding one above, but is 
larger and directed more forward. A _ still longer interval 
separates the first and second lower premolars, the latter begin- 
ning the continuous molar series. The second premolar has 
the crown much compressed, while the third and fourth are 
triangular in form. The three true molars have the usual cres- 
cents corresponding to those above, but no inner cingulum. 

The upper molar teeth of the female skull are ‘shown in 
figure 7, below, which represents the type of the genus. On 
Plate VI, figure 2, the upper dentition of Protoceras comptus 
is represented, the type specimen figured being the skull of a 
female not yet adult.* The last three deciduous teeth are here 
still in use, the first and second true molars are in position, 
while the last had not yet come into place. 


The Brain. 


The brain in Protoceras was of good size, not diminutive as 
in the early ungulates. It was, moreover, well convoluted for 
a Miocene mammal, and forms an interesting addition to our 
knowledge of the brain development in Tertiary J/ammalia. 

The natural brain cast figured in Plate VII, figures 3 and 4, 
is from an adult female skull, and represents accurately the 
brain cavity of this individual, except the small space occupied 
by the olfactory lobes. The latter were well developed. 


The Female Skull. 


The type species of the genus Protoceras, as already stated, 
was the skull of a female, and it may be well to repeat here its 
essential features as given in the original description already 
cited. In figures 6 and 7 below, most of the main characters of 
this type specimen are represented. 

“Tn general form and proportions, this skull is of the rumi- 
nant type. Its most striking feature is a pair of small horn- 
cores, situated, not on the frontals, but on the parietals, immedi- 
ately behind the frontal suture. These prominences were thus 
placed directly over the cerebral hemispheres of the brain. 


* This Journal, vol. xlviii, p. 93, July, 1894. 
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“The frontal bones are very. rugose on their upper surface, 
and this rugosity extends backward on the parietals, and to 
the summit of the horn-cores, as well as between the latter, 
and along the wide sagittal crest. The horn-cores are well 
separated from each other, and point upward, outward, and 
backward, overhanging somewhat the temporal fosse. They 
are conical in form, with obtuse summits. 

“ Between the orbits, the frontals are depressed, and marked 
by two deep grooves leading backward to the supra-orbital 
foramina. Behind these, halfway to the horn-cores, is a 
median prominence resembling in shape the corresponding 
elevation on the skull of the male giraffe. The brain cavity 
is unusually large for a Miocene mammal. The occiput is 
very narrow, indicating a small cerebellum, and the occipital 
crest is weak. The occipital surface slopes backward. 


Figure 6.—Back of female skull of Protoceras celer ; type; seen from above. 
FigurE 7.—Front of same skull; seen from below. 
Both figures are one-half natural size. Miocene, 
J, frontal; h, horn-core; m, first molar; mn, posterior nares; 0, orbit; p, 
parietal; »m, second premolar; s, suture between frontal and parietal. 


“The facial region of the skull is narrow and elongate, On 
the outer surface of the maxillary, just above the antorbital 
foramen, there is a deep depression, which probably contained 
a gland. The usual ruminant fossa in front of the orbit 
— to be wanting. The orbit is large, and completely 
closed behind by a strong bar of bone. 
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“The dentition preserved is selenodont and brachyodont, with 
only three premolars and three molars.* The first premolar i is 
much compressed transversely, and has but a slight inner lobe. 
The second premolar is triangular in outline, the inner lobe 
being much more developed. "The last premolar has this lobe 
expanded into astrong cusp, and the crown thus becomes broader 
than long. The true molars have two inner cusps, each with a 
basal ridge. The outer crescents have a median vertical ridge. 
The enamel of the molar series is more or less rugose. There 
was a wide diastema in front of the premolars. 

“The posterior nares are situated far forward, the anterior 
border being opposite to the posterior cusp of the second true 
molar. The glenoid facet is large and convex, but the post- 
glenoid process is quite small. The paroccipital processes were 
well developed, but there were apparently no anditory bulle.” 


A number of other female skulls, some of them in excellent 
preservation, have since been obtained from the same region in 
which the ty pe was found, and a study of these makes clear the 
main points of their structure. It is not quite certain to which 
of the three species of Protoceras now known some of these 
skulls should be referred, but further investigation will doubt- 
less determine this point, as the present material in the Yale 
Museum is apparently sufficient for this purpose. 


The Skull of Calops. 


The small artiodactyle described by the writer in 1894, under 
the name Calops cristatus, is from essentially the same geologi- 
eal horizon in South Dakota in which Protoceras was found. 
As stated in the first description, Calops possesses characters 
indicating a near ally of Protoceras, and as the resemblance has 
proved even closer in more perfect specimens since discovered, 
denoting that the two genera belong to the same family, it 
may be well to quote here the main points of the original 
description.+ 

“The type specimen is a skull in fair preservation, indicating 
a fully adult animal, which when alive was about half as large 
asa goat. In its general form and in most of its characters, 
this skull agrees so closely with the type of Protoceras as to 
suggest at once some affinity between the two. The dentition 
preserved in the premolar and molar series is essentially the 
same. The high oe plates joining the short, pointed 
nasals; the deep lachrymal fossa; and the posterior orbit 


* More perfect specimens since discovered prove that there were four premolars, 
the tirst being absent in the type. 
¢ This Journal, vol. xlviii, p. 94, July, 1894. 
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strongly closed behind, all suggest an ally of Pvrotoceras, but 
the parietal ridges are here elevated into distinct crests, and are 
without horns. 

“This skull when complete was about six inches in length. 
The distance from the front of the nasals to the junction of 
the parietal crests is about four inches and a half. The space 
occupied by the last three premolars and the true molars is 
about two and one-half inches.” 


In a later notice, a second more perfect specimen from the 
same horizon was described,* the main points stated being as 
follows : 

“The brain was comparatively well developed, and an 
unusually large part of the cerebral lobes was covered by the 
parietals. The frontal region of the skull between the orbits 
was more or less concave. The antorbital depressions extend 
well forward. There is a diastema between the upper canine 
and the first premolar, and between the first and second pre- 
molars. The canines above and below are small. The first 
lower premolar appears to be wanting. The second and third 

remolars have secant crowns, much elongated fore and aft. 

he postglenoid process is quite small, but the paroccipital is 
large and robust. The lower jaw has a very short coronoid 
process, and the condyle is sessile. The angle of the jaw is 
well rounded and somewhat dependent.” 

This second specimen proves to be distinct from the type, 
and is here recorded as a new species, Calops consors. The 
skull, which is in good preservation, is represented on Plate 
VII, figures 1 and 2. These two views exhibit the main 
features of the skull in the genus Calops. The most striking 
difference between this specimen and the type is the position 
of the orbit, which in the latter is entirely behind the molar 
series, as in Protoceras, while in the specimen here figured, as 
shown in Plate VII, nearly half the orbit is in front of the 
posterior end of this series. 


The Dentition of Calops. 

The teeth of Calops correspond essentially with those of 
Protoceras, being of the same early ruminant type, with the 
characteristic, short-crowned, selenodont molar series, and 
apparently the same dental formula. In the female skull 
represented on Plate VII, figure 1, most of the teeth are seen 
in position. There were no upper incisors. The canine was of 
moderate size, and placed well back of the premaxillary suture. 
The first premolar is small, with a compressed crown and two 
roots, and is situated somewhat behind the middle of the 


* This Journal, vol. xlviii, p. 273, September, 1894. 
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interval between the canine and second premolar, as shown in 
the figure cited. The remaining upper premolars correspond 
closely with those of Protoceras in form, and this is true, also, 
of the molars. The lower incisors of Calops are small and pro- 
cumbent. The canine also was small, and probably similar in 
form to the incisors. The first lower premolar is caniniform 
in shape, with a single root, and a sharp compressed crown, 
which came nearly in apposition to the superior canine. The 
remaining lower premolars and molars agree closely except in 
size with those of Protoceras. 

The remains of Calops now known all appear to have per- 
tained to females, and this naturally suggests the question—what 
the male skull was like, and especially whether it was provided 
with horns. The probabilities at present are in favor of the 
latter view, but it must be left to future discoveries to settle 
that point. 


All the known remains of Protoceras and Calops are from 
the upper Miocene of South Dakota. The horizon, which is a 
definite one, has been appropriately called by Dr. Wortman the 
Protoceras beds. They appear to be identical with the series 
in Oregon which the writer had previously named the Miohippus 
beds, as that genus and several others. are common to both 
regions. 

Yale University, New Haven, Conn., July 24, 1897. 


EXPLANATION OF PLATES. 


PLATE II. 
Male skull, with lower jaw, of Protoceras celer, Marsh; oblique side view. 
Three-fourths natural size. 
III. 
The same skull; seen from the left side. Three-fourths natural size, 


PLATE IV. 
Three-fourths natural size. 


seen from above. 


The same skull; 


PLATE V. 
seen from below. Three-fourths natural size. 


PLATE VI. 
Figure 1.—The same skull; seen from in front. 
Figure 2.—Front of skull of Protoceras comptus, Marsh; seen from below 
young female, showing deciduous dentition. 
Both figures are three-fourths natural size. 


PLATE YII. 
Figure 1.—Skull, with lower jaw, of Calops consors, Marsh; seen from the left. 
Figure 2.—The same skull; seen from above. 
Figure 3.—Natural brain cast of Protoceras celer; female; side view. 
Figure 4.—The same; seen from above. 
The figures are all one-half natural size. 


The same skull; 


[To be continued. ] 
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Art. XX.— The Theory of Singing Flames; by H. V. 
GILL, S. J. 


1. 


THE phenomenon of a jet of gas burning inside an open tube, 
emitting a musical note, is one of those facts which, although 
known for very many years and although much written about, 
have never been fully explained. It is not our intention to go 
into historical details on the subject, but a glance at the chief 
explanations which have been proposed will be interesting. 
De la Rive supposed the sound to be due to a periodic conden- 
sation of the water vapor produced in the combustion of hydro- 
gen gas. Faraday showed this theory to be false by the fact 
that he obtained a musical note by means of another gas which 
does not form water as a product of combustion. Faraday 
explained the sound as being produced by successive explosions 
of quantities of an explosive mixture of gas and air which sue- 
ceed each other at certain intervals. Tyndall accepted this 
explanation. Another theory which has been proposed is that 
the sound is produced by vibrations maintained by heat, the 
heat being communicated periodically to the mass of air con- 
fined in the sounding tube, at a place where in the course of 
vibration the pressure changes. This explanation, although it 
takes into consideration the extinction of the flame at periodic 
intervals by the changes of pressure, is not satisfying, and 
indeed this very intermittent character of the flame presents 
in this theory certain serious difficulties. 

Sondhauss performed a series of experiments in which he 
made use of a flame of hydrogen issuing from a gas-generating 
flask. His chief conclusion was that the condition of the 
column of gas in the supply-tube had an important influence 
on the phenomenon; for example, if the supply-tube be 
plugged near the jet with some wool the flame will not sing, 
though in appearance it is the same as a flame that will sing. 
This result is a proof that it is impossible to explain the sing- 
ing by considering merely its effect in heating the air, as in 
the case of a wire gauze which has been heated. Rijke was 
able to produce a continuous musical note by means of a wire 
gauze placed in a tube and kept heated by means of a strong 
electric current. Now if the note produced by a gas flame 
were owing to the same cause, the flame, even when the 
supply-tube was plugged, ought to produce a note if placed at 
the same position as was the hot gauze when it was sounding, 
but no such result is observed even when the tube is narrow. 
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We have performed many experiments to verify the con- 
clusions of Sondhauss, but we did not make use of a gas- 
generating flask to produce the gas. We employed ordinary 
coal gas, which passed into a flask* which was provided with 
two other tubes (fig. 1), one being in connection with the sing- 
ing flame; the other had one extremity 
below the level of some water in the 
flask, the other end being open to the 
air, thus providing a means of measur- 
ing the pressure in the gas. With 
this arrangement we were able to ob- 
tain all the conditions of a gas-gener- 
ating flask, with the additional advan- 
tage that we could regulate the size of 
the flame, ete., with perfect facility. 
It is evident that with a flame proceed- 
ing from a flask in which hydrogen is 
generated in the ordinary manner, it is 
almost impossible to regulate the gas 
supply with any exactness. All our 
experiments tended to show that the 
influence of the supply-tube came not 
: - from its length, but from the facility 

| : | with which it allowed the gas to pass 

\ to the flame. For with the same sup- 

ply-tube we were able to obtain any 

note, either high or low, which we desired, by modifying the 

size of the flame, its position in the tube, and the length of the 
tube in which it sang. 

In this paper we shall, we think, make it clear that the cause 
which plays the important part in the production of a musical 
note by the flame, is one whose effect has not been taken into 
account by those who have examined this question. 

A brief review of the principal facts hitherto observed will 
be useful to us in what follows: 

1st. The note produced depends on the length of the tube 
inside which the flame sings, on the size of the flame, and on 
its position within the tube. 

2d. The notes are those proper to the tube, account being 
taken of the temperature of the air inside it. 

3d. The flame must be smaller when it begins than when it 
is singing well. 

4th. The spontaneous commencement does not seem to be 
an essential part of the phenomenon. 


1. 


* There is no advantage gained from this arrangement in producing the sing- 
ing flame. The supply-tube may be connected directly with the gas main of the 


house, 
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5th. When the flame is of such a size, and placed at such a 
position that it is on the point of beginning to sing, it may be 
made to begin by sounding the note proper to the tube; a 
sudden noise such as the clapping of the hands will sometimes 
suffice. 

6th. The singing may be made to cease by closing one end 
of the tube, and sometimes by a sudden noise. 

7th. Viewed in a rotating mirror the image is composed of 
a series of tongues, each tongue being separated from the 
others by a dark space. 

8th. When the flame is too large to begin easily, it will 
respond to the note proper to the tube, but will only sound 
while the external note is sounding. 

9th. The flame becomes blue and somewhat longer when it 
sings. 

10th. Less gas is used when the flame sings than when it 
remains silent. 

11th. If the flame be too small it will be extinguished in a 
few seconds by the violence of the action. 

These are the chief facts which have been recounted by 
Tyndall and others; there are other facts known which may 
be looked on as deductions from those enumerated. 

In the explanation we propose it will be seen that the theory 
of explosions, which is admitted by some even at the present 
time, is not the correct one. All the facts we rely on have 
been proved by actual experiment, and we make no hypothesis 
which has not experimental as well as theoretical corroboration. 

As the spontaneous commencement is not an essential part 
of the phenomenon, we shall first examine the flame in the 
actual state of sounding, and-shall then show how it begins. 

A consideration of the conditions of pressure of the column 
of air in a sounding tube is the first step in our explanation. 

When a tube, open at both ends, emits a musical note, the 
column of air divides itself up into nodes and loops or ventral 
segments. The position of the nodes depends on the note 
emitted, i. e., whether the tube emits the fundamental note, its 
octave, etc. Ata node there is a considerable variation of the 
pressure, produced by the longitudinal vibration of the column 
of air. The pressure varies from its maximum during a con- 
densation to its minimum during a razefaction; these two 
conditions occurring in each complete vibration. Various 
methods are in use for demonstrating this fact, the best known 
being the manometric flames of Koenig. When such a flame 
is placed at a node, and its image observed in a rotating mirror, 
a band of light is seen from which arises a series of tongues, 
separated by dark spaces, each tongue corresponding to a con- 
densation and each dark space to ararefaction. Sometimes the 
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violence of these changes of pressure is so great that it extin- 
guishes the flame altogether. ; 

Though this method shows us that there is a endiandie 
change of pressure, it does not give any numerical measure- 
ment. Such measurements have been made by Kundt and 
others. Kundt employed a water manometer for this purpose. 
As the changes of pressure follow each other very rapidly it is 
clear that an ordinary manometer would be useless, and hence 
he used one which, by means of a valve, could only be acted 
upon by changes of pressure of a given sign. With such an 
apparatus he found that, at a node of an open pipe sounding 
loudly, the increase of pressure during a condensation was 
equivalent to that exerted by a column of water about 15™ 
high, and a diminution of equal amount during a rarefaction. 
Others have found lower values. 

We have next to examine another pressure which comes into 
play in the case of the singing flame, one which has been alto- 
gether neglected by those who have proposed explanations of 
this phenomenon, but which we shall show to be an essential 
element in the production of the musical note. 

The pressure of the gas which produces a flame of suitable 
size for a singing flame may be easily determined by means of 
the apparatus we have described. We have only to extinguish 
the flame which has been singing and close up the aperture. 
The water will then rise in the pressure-tube. This pressure 
is one, or two, or even more centimeters of water, according 
to the note which the flame produced. One might be inclined 
to think that the pressure under which the gas of the flame 
issues is always that on the gas supply of the house, but it is 
easy to show that when the tap which connects the flask to the 
main pipe is turned so as to let a small quantity of gas issue, 
that the pressure is proportional to the passage thus ‘modified, 
the reason being the friction and viscosity of the gas. 

The figure will assist us in our explanation : I represents the 
column of air during a condensation, II during a rarefaction 
(fig. 2). The flame is situated at a node. 

We shall suppose the maximum pressure of either sign to 
be 5 of water, since a singing flame does not produce a very 
loud note, and will take 2 as the pressure on the gas. Here 
is roughly what happens when the flame sings : 

During a condensation the air is being ‘compressed in the 
direction of the small arrows with a pressure represented by 5. 
As the burner of the singing flame is not in communication 
with the air in the tube except at the small aperture from 
which the gas issues, this pressure acts in the direction A on 
the gas. But the gas is issuing from this aperture under a 
pressure 2 in the direction G. Therefore the resultant of 
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1.—Male skull of PROTOCERAS CELER. Miocene. 
2.—Female skull of PRorocERAS coMpTUS, Marsh. Miocene. 


Three-fourths natural size. 
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1 and 2.—Female skull of CALops consors, Marsh. Miocene. 
3 and 4.—Brain cast of PROTOCERAS CELER. Miocene. 


One-half natural size. 
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these is evidently a pressure (5—2)=3 acting on the gas 
in the direction R. This pressure forces the gas back some 
little distance into the gas pipe, and thus the flame is either 
made very small, or forced back into the burner with the gas, 
or extinguished altogether. But this state of things only lasts 
a small fraction of a second. The condensation changes into 


2. 
ll. 


2 2 


a rarefaction, and the air expands in the direction of the small 
arrows (I1); when the pressure is taken off the gas it rushes 
forth. By the same reasoning as before we see the resultant 
pressure is (56+2)=7, and that the gas issues forth under this 
pressure. This pressure, so much greater than the normal gas 
pressure, causes the gas to escape with great rapidity, the flame 
lights up again with a slight shock (as one remarks when he 
lights a gas jet), this shock gives an additional impulse to the 
expanding air, but again comes the condensation, the flame is 
again extinguished and so on. Thus we see how the note is 
kept sounding, a very small periodic impulse being sufficient 
to keep a note sounding once it has begun. 

There is a point to be noted. We said the gas issued forth 
under a pressure of 7, but it is evident that the gas will come 
out as soon as the rarefaction is so far developed that the pres- 
sure of the air is a little less than 3. From this it is clear that 
the gas issues forth under a pressure considerably greater than 
its normal pressure, and that the lighting up of the flame 
comes at such an instant that it assists the expansion during 
the rarefaction. 

Am. Jour. Sc1.—Fourts Series, Vou. IV, No. 21.—Sept., 1897. 
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This explanation will be found to account for all the facts 
which have been observed regarding the singing flame. From 
it we see that the chief cause to be taken into account is the 
pressure on the gas, although the flame also plays its part. 

The following facts prove the correctness of this explana- 
tion. 

We stated that the gas was forced back into the burner dur- 
ing a condensation, and that it may happen that the flame is 
forced back with it. With an aperture of such a size (0°5™ in 
diameter) as is usually employed no such result could be 
observed. With a glass tube drawn to a point having an 
aperture of about 2™™ diameter, singing inside a tube 70™ 
long by 2°5™ in diameter, we noticed clearly that this result 
actually took place. The image of this flame as seen in the 
rotating mirror was like that roughly represented in fig. 3. 


3. 


This experiment is rather difficult to make, and the uote only 
continues for a short time owing to the size of the aperture. 

The following experiment shows the same thing in a more 
simple manner. As we have seen, the rapid increase of pres- 
sure during a condensation in the sounding-tube produces a 
downward compression on the gas. It ought, therefore, to be 
possible to detect this by means of a manometric flame. Fig. 4 
explains itself. 

When the manometric flame is observed in a rotating mirror 
the ordinary appearance of a Koenig flame is seen, as is repre- 
sented in the lower part of fig. 5. In this figure the tongues 
are somewhat exaggerated in distinctness. 

We can use this same arrangement for another interesting 
experiment. From what we have seen it is clear that the 
tongues of the image of the manometric flame ought to coincide 
with the dark spaces of the image of the singing flame, if both 
images could be perfectly superposed. Since the little shock on 
the gas is practically transmitted instantaneously throughout the 
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gas near the jet, the following experiment is of value. The 
flames, as in fig. 4, were arranged so as to be as near as _possi- 
ble to each other, the point of the mano- 
metric flame just reaching the base of 
the other. ‘lhe axis of the rotating 
mirror was in the same plane as these 
two flames. On viewing the two images 
in the mirror, an eye placed in the 
plane of the flames sees the images as in 
fig. 5. 

The top row represents the image of 
the singing flame. It will be seen that 
what we had anticipated actually takes 
place. The appearance of the flame also 
supports our theory. When gas issues 
under pressure the flame drags in the air 
which surrounds it, thus presenting the 
aspect of the flame of a Bunsen burner. 

The following facts show the impor- 
tance of the pressure ot the gas in the 
phenomenon. We have seen that if the 
supply pipe be plugged near the jet that 
the flame will not sing. This is clearly because the reaction 
between the two pressures is interfered with. Tyndall re- 
marks that, with a tube 15 to 20™ long, he was able to obtain, 
by varying the size of the flame and its position in the tube, 


4, 


5. 


a series of notes represented by the numbers 1, 2, 3,4, 5. He 
says also that this experiment shows why it happened that 
various experimentalists, who did not change the position and 
size of the flame, had difficulty in obtaining desired notes in 
their public lectures. We see clearly from our theory why 


184 H. V. Gill—Theory of Singing Flames. 


this is so, for the size of the flame depends on the pressure of 
the gas which feeds it. We see also why a gas-generating 
apparatus is disadvantageous, because, as we have before re- 
marked, it is impossible t to regulate the gas pressure with sufli- 
cient exactness. With the flask we have above described, we 
were able to see that the notes produced depended in great 
measure on the pressure, and that also the intensity of the 
sound depended on the same cause. We also noticed that, 
immediately on the note beginning to sing, the water rose a 
few mm. in the pressure tube, thus showing that less gas was 
used when the gas was singing than when “silent, a fact which 
was also noticed by Count. Schaffgotsch, from a different ex- 
periment. 

Thus far we have considered a flame singing under the most 
favorable conditions. Often, however, if ‘the size of the flame 
(i. e., the pressure of the gas) and its position in the tube be 
carefully regulated, the note produced, though continuous, is 
faint, and does not dev elop into a full, loud sound. The i image 
of the flame in this case does not present a series of distinct 
tongues as in the former case, but resembles that of a mano- 
metric flame. On’ considering what we have hitherto said, 
this case presents no difticulty. Itis only necessary to remark 
that the pressure of the gas and its position being such, the 
reactions just described are not sufficiently marked to pro- 
duce the full result. If the flame be distant from the node to 
which its size is well adapted, it is clear, since the changes of 
pressure are less intense the farther we go from the node, that 
the flame cannot sing as it would do if under more favorable 

conditions. In the same way is to be explained the fact that 
the note is not always that which would require a node at that 
part of the tube where the flame is placed, for it may happen 
that the size of the flame corresponds better to the period of a 
note which has a node farther from it, which note it will rein- 
force rather than the one which has a node nearer to it. So 
also is easily explained why the flame may emit two notes 
simultaneously—i. e., if it be placed so as to be near both nodes. 
It may be said that the limit of pressure required for a given 
note is fairly wide. 

We think we have thus sufficiently shown the importance of 
the pressure on the gas in maintaining the sound. We have 
now to show how the flame begins to sing. The flame may 
begin to sing without any apparent external cause, or may 
be put into action by an external cause. We hope to 
show these two cases may be reduced to the latter. Tyndall, 
in his usual graphie way, describes in his “ Heat” how a 
flame, too large to sing continuously, will respond to the 
note proper to the tube inside which it is placed, if this note 
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be sounded by a siren or other means. He says that this is an 
example of the propagation of sound, by vibrations through 
the air, and its reception by a body extremely sensitive to such 
influences. If the flame is smaller, it continues singing once it 
has begun to respond. That is to say, the flame takes up the 
vibrations of the air inside the tube, reacts on them in the way 
we have described, and thus the sound is strengthened into the 
continuous note with which we are familiar. If we examine 
the flame in a rotating mirror before it has begun to sing, we 
see of course a continuous band of light. Now, if we sound 
the note of the tube, regarding the flame in the rotating mir- 
ror while doing so, we see the image as represented in fig. 6. 


6. 


From this we see clearly the mutual reaction between the 
flame and the column of air. If the flame be so small that it 
is just on the point of beginning to sing of itself, a sudden 
noise, such as clapping the hands, will cause it to begin. 
Always, however, the gradual development as shown in fig. 6 
takes place. Again, a small flame may be made to sing by 
blowing gently across the top of the tube, and as before shows 
the gradual development. These facts are sufficient to show 
how the pressure due to the vibration of the column of air and 
the pressure of the gas react on each other. It is searcely neces- 
sary to add that in reality this “ gradual development” takes 
place in a very short interval of time, especially in the case of 
a small plane inside a short tube. 

From what we have seen we are led to the conclusion that, 
when the flame begins spontaneonsly, in reality the cause is to 
be found in some change of pressure taking place in the column 
of air. If we slowly lessen the flame, before it begins to sing, 
regarding it as before in the rotating mirror, we notice, at a 
certain point, that gentle undulations appear on the border of 
the band of light, which follow the cause of gradual develop- 
ment above described. Is there any such external cause at 
work? We think we shall be able to show that there is. We 
have seen that the slight changes of pressure due to a note 
sounded at some distance from the tube produce changes in the 
pressure sufficient to cause the flame inside the tube to sing 
(Schaffgotsch put a small flame into action by the noise caused 
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by displacing a chair in the room next that in which the flame 
was placed). We have seen, too, that the slight changes of 
pressure produced by blowing across the end of the tube were 
sufficient, even when the flame was not sma!l enough to begin 
of itself; therefore a lesser cause will suftice when the flame is 
still smaller. The air inside the tube is at a higher tempera- 
ture than that of the atmosphere; this causes a current of air 
to pass upwards through the tube with a velocity which we can 
calculate.* This current as it passes the edges of the tube pro- 
duces a faint note. The variations of pressure caused by this 
note are sufficient to put the flame in action. This conclusion 
is justified by the following facts: 

(a) A flame begins much more easily in a long tube than in 
a short one, and we know the current due to the temperature 
of the air is proportional to the length of the tube, so that the 
note produced in a long tube is more intense than in a short one. 

(6) On placing the ear, near the lower extremity of a tube 
60 long, inside which a silent flame burns, one hears the note 
produced by the current of air passing up. 

(c) A consideration of the various ways in which a flame 
may be caused to sing leads to this conclusion. 

Although this reaction is the chief one which causes the 
flame to begin to sing, we must bear in mind that there are 
innumerable other minor ones which, in certain cases, may play 
a part. Thus in the case of a very small flame inside a short 
tube (80 or 10-0) the expansion of the air near the flame, 
and accidental changes of the pressure of the gas, may be of 
importance. 

We think we have made it clear that the pressure on the gas 
plays the important part in this phenomenon, and that a con- 
sideration of the reactions we have described will be found to 
explain the many facts noted in the case of a singing flame, 
some of which we have alluded to. We look therefore on the 
chief cause as a mutual reaction between the pressures in the 
tube and on the gas; the energy necessary to sustain the note 
being supplied by the pressure on the gas and the action of the 
flame. We may compare the singing flame to the siren, in 
which the current of air causes the disk to rotate, the note 
being produced by the reaction of the disk on the current of air. 


* Dr. Everett investigates in his “ Natural Philosophy.” part II. the condi- 
tions for a good draught up a chimney and applies the formula of Torricelli for 
the efflux of liquids from orifices. This formula for the velocity of the air 
current is 
(t—?’), 

1+ul 
in which g=gravity; h=length of chimney (or tube); a=the coefficient of 
expansion for air; ‘=the temperature inside the chimney, and ¢ that of the 
exterior air. 
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There is another case of singing flames which we shall briefly 
explain by a reasoning similar to that we have just employed. 
If a tube, say 30 long by 3 or 4™ in diameter, be placed on a 
piece of wire gauze, the whole 5™ above a Bunsen burner, and 
if the gas be lighted inside the tube, a high note of great 
intensity is produced. This experiment was first made by 
Lissajous, who called it a “ whistling flame.” As we have 
never seen any explanation offered, we think the following will 
be found interesting. We have determined the following facts: 

1st. The note depends on the length of the tube and the 
volume of the flame. 

2d. The gauze need not be outside the tube, but if placed 
inside, the note is also produced. 

3d. If the gauze be more than a certain distance below the 
base of the tube, no note is produced. 

4th. The image in a rotating mirror shows periodic disturb- 
ances at the base of the flame. 

Just as a node is the position most favorable for the singing 
flame, a loop is that favorable for the whistling flame. There 
is a loop at the end of an open pipe, and hence the flame 
sounds when at this position. As every note which an open 
pipe can produce has a node at the base, we see that each can 
be produced by the flame at this position, and hence it is that 
the note is so high and shrill, for, as we shall see, a great num- 
ber of tones are produced simultaneously. 

At a loop, or ventral segment, there is considerable motion 
of the air, as is shown by placing a small tambourine with 
some sand on it at a loop; the sand is violently agitated by the 
air currents due to the vibration. The motion of the air at 
the extremities is sensible for some distance outside the tube. 
Mach studied this movement, and found that for a pipe four 
feet long the amplitude at this point was 4™". 

We can easily caleulate the velocity of these air currents if 
we know the amplitude of vibration and the period of the note. 
However in the general investigation this will not be necessary. 
Let us call this velocity a. 

We have seen that the draught, or current due to the flame 
inside the tube, can be calculated from the formula 


vee 2gha(t-—t’) 
1+at 


For a certain tube we have calculated that the current due to 
the vibrations was 2 meters per second, the draught 1 meter 
per second. Let us suppose the velocity of the current due to 
the vibration is x, that due to the draught y. 
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As before, let us first consider the flame actually sounding. 
At the node nearest the base (it is only necessary to consider 
one of the notes) there are alternately condensations and rare- 
factions. When the condensation is changing into a rarefac- 
tion there is a current of air which issues from the tube ; this 
is the first stage. When the rarefaction is becoming a conden- 
sation this current enters the tube. During the first stage the 
current due to the draught tends to cross the gauze with a 
velocity y ; but the current due to the vibration is in the oppo- 
site direction with a velocity w; therefore at this moment the 
resultant current has a velocity e—y. This current is less than 
if the flame had been silent, so that a smaller amount of gas 
enters into the flame. But after a very small fraction of a 
second the rarefaction at the node changes into a condensation. 
During this second stage the current due to the vibration goes 
up the tube and is in the same direction as the draught. There- 
fore the resultant current has a velocity e+y. This current, 
much more rapid than when the flame was silent, and than 
that during the first stage, causes a greater quantity of gas and 
air to enter into the flame than before. This sudden augmen- 
tation of the flame gives an impulse to the vibrations already 
taking place, and thus the note continues. 

This explanation is proved by several experiments. We 
have stated that the gauze may be a certain distance below the 
base of the tube. We have seen that the vibrations of the air 
column extend a certain distance outside the end of the tube. 
Many researches have been made to determine the exact law 
which this distance follows, but though in individual cases it is 
easy to determine the amplitude, it is difficult to formulate a 
general law. It has been determined that this distance depends 
on the diameter of the tube, and that when the wave length of 
the note is great in comparison, this distance is somewhat 
greater than two-thirds the radius of the tube. We have made 
many experiments with the gauze in various positions, and find 
that the gauze must be inside the limit assigned by this law, or 
no note will be produced, which shows that the note depends 
on these air currents. 

A second proof is that the note produced is not pure, but is 
composed of a number of different ones. We have seen that 
all the notes of the tube may be produced together and that 
thus the resultant note is composed of tones proportional to 1, 
2, 3, 4,5... . If the gauze be placed at the middle of the 
tube the note is much higher. We see at once why this must 
be so if the whistling flame is proper to a loop. For the only 
tones which have a loop at the middle of an open pipe are 
those proportional to 2, 4, 6, 8, ete. Therefore since so many 
of the lower tones are absent the resultant tone is higher than 
in the former case. 
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We have made experiments analogous to those described in 
the case of the singing flame to determine the manner in which 
the note begins. Our experiments lead to the conclusion that 
it is the same as in that case, and that the original note caused 
by the draught is strengthened by the reactions we have de- 
tailed. As the arguments used in the case of the singing 
flame apply with even greater force in the present case, it is not 
necessary to repeat them. 


III. 


There is, finally, one other case of a note caused by a flame 
which we shall consider very briefly. An experiment was sug- 
gested to test the theory in which the singing flame is explained 
as if it were a heated body. If so, a taper flame ought to sing 
if placed in a favorable position. An ordinary taper flame 
remains perfectly silent. On dividing up the wick so that the 
head of the taper stretched over the tube, a note was produced 
which lasted several minutes. This is merely a case of Rijke’s 
experiment of the heated gauze above alluded to. Rijke’s 
experiment has been explained already, and is easily under- 
stood if we consider the action of the pressure and various air 
currents in a sounding pipe, and bear in mind that the most 
favorable moment for the air to receive an increase of tempera- 
ture is when a condensation is changing into a rarefaction. 
The following passage from a lecture by Lord Rayleigh will 
make this clear (“ Nature,” vol. xviii, p. 320, 1878): “ Perhaps 
the easiest way to trace the mode of action is to begin with 
the case of a simple vibration without a steady current (i. e. 
the draught). Under these circumstances the whole of the air 
which comes in contact with the metal in the course of a com- 
plete period becomes heated; and after this state of things 
there is comparatively little further transfer of heat. The 
effect of superposing a small steady upward current is now 
easily recognized. At the limit of the inward motion, i. e., at 
the phase of greatest condensation, a small quantity of air 
comes in contact with the metal which has not done so before, 
and is accordingly cool; and the heat communicated to this 
quantity of air acts in the most favorable manner for the 
maintenance of the vibration.” “ Both in Rijke’s and Riess’* 
experiments the variable transfer of heat depends on the motion 
of vibration, while the effect of the transfer depends upon the 
variation of pressure. The gauze must therefore be placed 
where both effects are sensible, i. e. neither near a node nor 
near a loop.” (We have found the same in the case of the 


* Riess’s experiment consists of a note produced by a current of hot air passing 
through a cool gauze. 


190 Trowbridge—Electrical Discharges in Air. 


taper flame.) ‘ About a quarter of the length of the tube, from 
the lower or upper end, as the case may be, appears to be the 
most favourable position.” When the gauze is near the top a 
slight modification is required, but the theory is essentially the 
same. 

We have, then, three kinds of singing flames; one depend- 
ing on changes of pressure; another on air currents; a third 
depending at once on both changes of pressure and on air 
currents. 

In the above paper we have explained the general causes of 
the phenomenon, but it is evident that in so complex a subject 
it would be impossible to enter into more explicit details in 
the limits of a simple article. It is hoped that these ideas will 
attach a further interest to this old fashioned but interesting 
experiment. 

Louvain. 


Art. XXI.— Electrical Discharges in Air; by JOHN 
TROWBRIDGE. 


THE flaming discharge from a large accumulator with its 
nucleus, consisting of a dazzling white spark, is evidently a 
form of voltaic are; and I was interested to discover if pos- 
sible the mechanism, so to speak, of the voltaic are. Does it 
follow Ohm’s law in respect to resistance, and is there an 
oscillatory phenomenon? It is well known that electric sparks 
can be greatly increased in length by interposing a gas flame 
between the terminals of a Ruhmkorf coil, or by moderately 
rarifying the air between such terminals. The conditions in 
the voltaic are favor a greatly increased length of a disruptive 
spark between the positive and negative carbons, This can be 
seen in the photograph of the are produced by a high tension 
accumulator ; and doubtless the same phenomenon could be 
observed in the ordinary voltaic are if it were not so exceed- 
ingly brilliant. 

I have lately studied the apparent resistance of the voltaic 
arc in the following manner. In the circuit B, fig. 1, of forty 
large storage cells, ¢ giving 80 volts, was placed a low resistance 
choking coil, L, or coil of large self-induction. To the carbon 
terminals, A, between which the voltaic are was produced, were 
led the terminals of a condenser, C. The latter was charged 
by a step-up transformer, T. The oscillatory discharge of the 
condenser was thus passed through the voltaic are; and a spark 
in a gap in the cireuit of the condenser was photographed by 
the aid of a revolving mirror. The photographs gave the 
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number of oscillations in the circuit containing the are and the 
condenser. A curve was then plotted with the number of oscilla- 
tions as ordinates and the ohmic resistance of the cirenit as 
abscissas. It was thus found that the 
apparent resistance of the voltaic are was 8 
equivalent, in the case I considered, to a yy 
resistance of eight-tenths of an ohm (‘8 

ohm). It was found, moreover, that an 
are one-quarter of an inch long did not 
present more resistance than one, one-half 
an inch long. The apparent resistance, 
therefore, of the voltaic are does not fol- 
low Ohm’s law. I am led to believe that S1. 


the mechanism, so to speak, of the voltaic A, J 
are is as follows: A disruptive discharge 

accompanies a flaming discharge, and L 

serves as a species of pilot spark. <A C 
variable difference of potential is neces- 

sary to sustain the disruptive discharge ; 

and this variable difference of potential T 


makes itself evident asan apparent change =~ 
of resistance; the are shortens or lengthi- 
ens in obedience to the mechanism of the 
lamp which is employed. 

A family resemblance may be said to exist between all forms 
of electrical discharges in air. Thus in the voltaic are we 
have a disruptive discharge combined with a flaming discharge. 
In general the disruptive spark is oscillatory even in the case 
where the voltaic are is produced by a dynamo machine. 
When we extend our studies to the forms of electrical dis- 
charges which are free to a great extent from the flaming dis- 
charge, such as the disruptive sparks from electrical machines, 
Tesla and Thomson transformers and the Planté rheostatic 
machine, we are struck by their close resemblance to the ordi- 
nary forms of lightning discharge. I have lately employed, in 
connection with five thousand Planté cells, a Planté machine 
with thirty condenser plates made of glass, one-sixteenth of an 
inch in thickness, with a coated surface of 15x18 inches. 
Sparks nine to ten inches long can be very conveniently 
studied by means of this apparatus, for a close estimate of the 
difference of potential is possible and the exciting apparatus 
does not change its sign during the experiments. To the eye 
each spark seems to be surrounded by a bright radiance or 
aureole of which it appears to be the nucleus. In order to 
ascertain whether this radiance was an actual phenomenon, | 
employed a portrait lens of large aperture, and some of the 
results are exhibited in the accompanying reproductions, which 
fail, however, to give the details of the negatives. Fig. 2 is a 
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photograph of a spark taken with a Euryscope lens, such as is 
commonly employed for landscape work. This does not show 
any detail. Figs. 3,4 and 5 are photographs taken with a 
Dallmeyer portrait lens, without a diaphragm, and show on the 
negatives what may be considered an aureole accompanying 
the spark its entire length. Furthermore, the oscillatory 
nature of the sparks is shown by forked discharges which 


diverge from the main path of the spark and which point in 
opposite directions on the same spark. If a photograph of 
lightning could be obtained which would show a similar phe- 
nomenon, there could be no doubt of the oscillatory nature of 
lightning. 

Since one can, with a large number of Planté cells in con- 
nection with a rheostatie machine, control the sign of the elec- 
tric charges on the spark terminals, I was interested to test the 
question whether the eye can detect any direction in electric 
sparks. One observer, looking through an opening which con- 
cealed the spark terminals and only revealed the central portion 
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of the sparks, noted down his impression of the apparent direc- 
tion of each spark, while another observer reversed the poles 
which charged the rheostatic machine. On comparing the 
notes of the two observers, it was found that there was no 
agreement in regard to direction. This result was to be 
expected from the oscillatory nature of the discharges. It may 
be that in the case of lightning the eye is forcibly impressed 
by the greater brightness of the positive terminal in the cloud, 
and the observer concludes that the flash has a unidirectional 
movement. 

When oscillating sparks of the nature represented in figures 
2, 3 and 4 are passed through Crookes tubes of the focus tube 
pattern, it was found that photographs could be taken on plates 
exposed to the inclined surface of the platinum, both when it 
was made the anode and when it formed the cathode. No dif- 
ference in definition could be,noticed. There was, however, a’ 
great difference in actinic effect. Under the oscillatory nature of 
the Leyden jar discharge the electrodes become alternately pos- 
itive and negative. Possibly some of the want of definition 
noticed in Rontgen photographs, taken even with the aid of 
electrical machines, may be due to the fact that the oscillatory 
discharge does not always emanate from the same point on the 
anode surface. A small anode should therefore give sharper 
images than one of a large surface. 

What is supposed to be a resistance in the case of the voltaic 
are, and in the modifications of this are seen in discharges from 
high tension transformers, and in powerful electric sparks, and 
presumably in lightning discharges, is a polarization which pro- 
duces a variable difference of potential at the spark terminals. 

The inconstancy of spark potentials has been shown by Jau- 
mann.* In working with a revolving mirror, it is found that 
the spark terminals have to be brightened in order to preserve 
the same spark length. I was interested also to observe the 
effect of the surrounding medium upon the spark potentials. 
Platinum terminals in sodium vapor showed the polarizable 
condition: but there did not appear to be an appreciable 
change in resistance, apart from this polarization. The same 
was true when bromine vapor surrounded the spark terminals. 
In the case of Crookes tubes, it is customary to apply heat if the 
discharge will not pass through the tube: and some makers 
provide a connecting receptacle which contains a substance 
which, on being volatilized, modifies the internal conditions of 
the tube. This modification is often spoken of as a diminution 
of resistance of thetube. It should be more properly termed a 
method of modifying the state of polarization of the electrodes. 


Jefferson Physical Laboratory, Harvard University. 
* Wied. Annalen, lv, p. 656, 1895. 
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ArT. XXIJ.—TZhe Oscillatory discharge of a large Accumu- 
lator ; by JOHN TROWBRIDGE. 


THE discharge from a large number of Planté cells is char- 
acterized by a sibilant flame which, by quickly separating the 
spark terminals, can be drawn out toa length of several feet. 
It closely resembles the light produced by. passing an electric 
spark through lyeopodium powder. When a photograph of 


this flaming discharge is examined, it is seen to have an in- 
tensely bright spark as a nucleus. On account of the flaming 
discharge it is difficult to examine its character by means of a 
revolving mirror. By employing, however, two spark gaps it 
seemed possible to ascertain whether the discharge is oscillatory 
or not. 

In my experiments the circuit was made at the instant the 
revolving mirror was in the position to reflect an image of the 
discharge of the battery upon a sensitive plate. The photo- 
graphs “obtained in this way showed disruptive discharges 
superimposed upon a continuous discharge. The latter, how- 
ever, masked any appearance of an oscillatory discharge. It 
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was evidently necessary to blow out the flaming discharge in 
order to see if oscillations followed the pilot discharge. The 
first experiment was made with 2500 cells arranged in series; 
and the flaming discharge was much lessened both by the 
reduction in the number of cells and by a suitable arrangement 
for blowing it out. On developing the photographs it was 
found that the discharge was an oscillatory one; for as many 
as five or six clearly defined oscillations followed the firs t, or 
pilot discharge. The number of cells was then doubled ; and, 
although more difficulty was experienced with the flaming dis- 
charge, oscillations were again obtained. 

On the supposition that each cell of the battery can be 
regarded as a leaking condenser: and that it is equivalent in 
capacity to a condenser shunted by a resistance equal to that 
of the electrolyte, we can treat such a cell as a conducting 
condenser under the influence, during discharge, of a periodic 
current. The analysis of this well- known case is as follows.* 
Let ABC and AEC be two circuits, the cirenit ABC being 
a shunt to the circuit AEC, which contains a condenser E. 

Let L be the coefticient of self-induction of ABC, R its 
resistance, C the capacity of the condenser in the circuit 
AEC and + the resistance of the wires leading to the plates of 
the condenser. 

Then if ¢ is the current through ABC and w the charge on 
the plate nearest to A 

di : dx a 
Lot Ri= 
Since each of the quantities is equal to the electromotive force 
between A and C. 


If ¢<=cos pt, (L’p 


then «= 
Lp 


sin ( (pt +a) 


+ tan~ 


where a= tan7! 


de + 
He - COS (pt + a). 
C*p’ 2 
Thus the maximum current along AEC is to that along 
ABC as 


Lp” + R’ is to V + 


Or if we neglect the resistance 7 of the leading wires, as 


+ : or neglecting L, as = 
Cp 
Cp 


* See Elements of Electricity and Magnetism, Prof. J. J. Thomson, p. 431. 
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In the case of one cell of the battery the polarization capac- 
ity is undoubtedly very large. C. M. Gordon* finds that the 
polarization capacity of two surfaces of platinum 0°65°™" sepa- 
rated by an interval of 2™™ amounts to more than 50 micro- 
farads. The cells of my battery consist of lead plates of 


about 10°* surface separated by about 6™™. The layer of 
peroxide of lead undoubtedly gives a large polarization 
capacity. The resistance of each cell is about one quarter 
of an ohm. Even with this small value of R, oscil- 
lating currents such as my experiments show arise when 
the battery discharges through air or gases. A large portion 
of the oscillating currents pass through the condenser circuit, 
and the electrolyte acts as a semi-insulator. With a very 
high value of p, no current would pass through the electrolyte 
and the cells would therefore act like Leyden jars. In the case 
I am considering the Planté cells evidently act like leaky Ley- 
den jars coupled in series. If CO is the apparent capacity of 


one cell — would be the capacity of x cells. 


An examination of the photographs of the oscillations pro- 
duced by 2500 cells, showed an apparent capacity of about 
1000 electrostatic units. Five thousand cells gave an apparent 
capacity of about 500 electrostatic units, as should be the case. 
The small apparent capacity C results from the leaking of the 
condenser due to the conduction through the electrolyte. 

Since the discharge from an accumulator of a large number 
of cells is, in general, oscillatory, I am led to the belief that 
the discharge from any primary battery is also oscillatory, for 
in all cases we have to deal with capacity and self-induction. 
It is evident that a galvanometer in circuit with a Geisler tube 
or a telephone cannot detect the oscillatory discharge, since 
it is of high period. Moreover when a Geisler tube is lighted 
by a large battery with no resistance save that of the Geisler 
tube and the battery in the circuit, and the light is examined 
in a revolving mirror by the eye, no oscillations or intermit- 
tance of light can be perceived on account of the flaming dis- 
charge through the rarified gas. 

The oscillatory discharge may be said to be the common 
occurrence of nature in the case of electrical discharges and 
the one direction discharge the uncommon. This has been 
expressed by the remark that electricity takes the path of least 
resistance; this common belief, however, must be modified 
under certain conditions of resonance. In general nature 
avoids a unidirectional discharge. 


Jefferson Physical Laboratory, Harvard University. 


* Wied. Ann., No. 5, 1897, p. 28. 
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Art. XXIII.—Jura and Neocomian of Arkansas, Kansas, 
Oklahoma, New Mexico and Tewas; by JULES MARcov. 


Historic geology, or stratigraphic classification, is a very 
difficult and at the same time a most important part of the 
history of our globe. Without exact classification, all becomes 
confusion, geologic periods are confounded, and we are con- 
fronted by the same sort of errors that would oceur if some 
historian were to place the time of Cromwell after the time of 
Washington. 

In all other sciences, like chemistry, physics, anatomy, ete. 
each new fact can be verified in laboratories, after a period of 
time relatively short. Not that criticism, and strong and even 
passionate opposition, are not found in these sciences; we re- 
member well the protest against the experiments made to dis- 
prove spontaneous generation. It required much persistency 
and courage on the part of Pasteur to maintain the trath he 
had discovered. The chemist Berthelot published in the 
Revue Scientifique some incomplete investigations of the late 
Claude Bernard, which he found in loose notes after the lat- 
ter’s death, without even taking the polite precaution to make 
known to Pasteur his intention of attacking his observations on 
the non-existence of spontaneous generation. Numerous dis- 
cussions followed at the meetings of the Academy of Science 
of the French National Institute, until Pasteur, excited by the 
incessant attacks of two adversaries, bravely turned towards 
them and said to one, “Savez-vous ce qui vous manque? vous 
ignorez l’art d’observer ;” and to the other, “ Et vous, celui de 
raisonner.”* 

The controversy against my observations on the geology of 
Texas, the Indian Territory and New Mexico, has lasted much 
longer than the opposition made against Pasteur, for it is now 
forty-four years since I made them and they have been and are 
still the subject of constant criticism. 

In science, discussion must be based on the observation of 
facts; in geology, these observations must be made on the 
ground and at the precise locality under discussion, For years 
the two localities discussed were not only far distant from 
civilization, but also situated in a part of the country which, 
on account of hostile Comanches, Kiowas and Apaches, it 
was impossibie to visit without a large military escort. Con- 
sequently my contradictors discussed my observations without 
a practical knowledge of the stratigraphy ; and with a want of 

* Discours de M. Joseph Bertrand, directeur de l’Académie Frangais, séance du 
28 Janvier, 1897. 

Am. Jour. So1.—Forrta Series, Vout. IV, No. 21.—SeEpr., 1897. 
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the most elementary kind of knowledge of the genus Gryphea, 
uniting into a single species six or eight entirely distinct spe- 
cies. it was to be hoped that when, in about 1880, Indian 
Territory and the Tucumcari region were finally opened for 
settlement and civilization, my opponents would examine the 
two localities; one called Comet Creek, now in G. County, 
Oklahoma, and the cther Pyramid Mount in the Tucumeari 
region of New Mexico. But not at all; to this day, Comet 
Creek has not been visited by any other practical geologist* ; 
and Pyramid Mount of the Tucumcari area was systematically 
left out of the route of exploration by the three persons who 
were there, since 1888. The curious part of it is that the 
section at Pyramid Mount is most complete, without any ob- 
security by vegetation, practically a bare wall, and unique in 
the Tucumcari region for its beauty and perfection from a 
geologic point of view. I shall not imitate the frankness of 
my friend Pasteur, and contest the capacity of my adversaries 
as stratigraphists and paleontologists, but I owe it to science 
to maintain what I consider to be exact and true; and how- 
ever tired and wearied by years, by my infirmities and the 
exceptional length of the discussion—lasting almost half a cen- 
tury—I shall continue not only to aftirm the correctness of my 
observations, but also to ask my numerous adversaries to visit 
Comet Creek and Pyramid Mount, and beg them to publish 
the sections accompanied by good figures and descriptions of 
all the fossils they may gather zm s¢tu. Iam happy to remark, 
that they will have the great privilege and immense advantage 
of remaining there as long as they please, to observe and col- 
lect specimens, while I was enabled, on account of the rapidity 
of the march of my military escort, to remain at Comet Creek 
only one hour and at Pyramid Mount only three or four hours. 
The question of the existence of the Jura and the Lower 
Cretaceous (which I call briefly Neocomian) has taken, thanks 
to the opposition, such great proportions, that one of my oppo- 
nents said lately: “There are reasons for suspecting that no 
marine Jurassic formations of Atlantic sedimentation have as 
yet been discovered north of Argentina (South America) on 
the present Atlantic slope of the American hemisphere.” 
(Science, vol. iv, No. 103, p. 920.) A clean sweep of the 
marine American Jura. 
Let us review the main localities in the United States, west 
of the Mississippi River and east of the Rio Grande del Norte. 
Arkansas.—F¥or the sake of brevity, and not to burden the 
* Lately the locality of Comet Creek has been visited by Mr T. W. Vaughan, 
who finds the same beds of limestone containing G. Remeri (called G. forniculata). 


His description does not differ from the one I have given as far back as 1853. 
“Outlying areas of the Comanche series”; this Journal, vol. iv, July, 1897.) 
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reader with too many details, I shall speak only of the Trinity 
formation, of the locality in Pike County, Arkansas, close to 
the boundary line of Texas. Mr. Hill, the inventor of the 
name Trinity formation, has published in the Annual Report 
of the Geological Survey of Arkansas, for 1888, vol. ii, Meso- 
zoic, two chapters, xii and xiii, in which are described the strata 
and the fossils, the latter with figures. It is useless to reprint 
what I have said on each species of fossil; I need only say, 
that I have shown with aceuracy and details, in the American 
Geologist, Dec., 1889, pp. 357-367, that the whole fauna, with- 
out a single exception, is composed of Jurassic fossils, and con- 
cluded that instead of being Lower Cretaceous, the strata near 
Murfreesboro represent in Arkansas and Texas the superior 
Jura from the Oxfordian upward, including the Purbeck 
formation. 

As an example of carelessness, not to use a stronger word, 
in quoting a plain paleontological fact, I call the attention of 
the reader .to a quotation of Mr. Hill, at p. 128. In the 
description of Ammonites Walcottii, we read: “It resembles 
... also Ammonites Yo, VOrb. of the Lower Cretaceous.” 
Turning to the great work of the Paléontologie Francaise by 
d’Orbigny, in order to examine and verify the resemblance of 
the two Ammonites, I naturally took up the volumes entitled : 
“Terrain Crétacé.” But there is no trace of Ammonites Yo 
in those volumes. As I know the species well and that the 
form is undoubtedly Jurassic, I took the volumes entitled: 
“Terrain Jurassique,” and there in vol. i, pp. 545-546, is the 
Ammonites Yo with the special location of “ Etage Kimmerid- 
gien, Boulogne-sur-Mer.” Instead of belonging to the Lower 
Cretaceous, according to the extraordinary alteration of Mr. 
Hill, it is an Upper Jura species. Why Mr. Hill took upon 
himself to change the age of the Ammonites Yo, cannot be 
explained otherwise, than that he wanted to sustain his classi- 
fication of the Trinity division in the Cretaceous, quoting in 
his favour the great authority of d@’Orbigny. This case shows 
how unreliable Mr. Hill is, when he writes on paleontology. 

Kansas.—As long ago as 1888, I corresponded with Profes- 
sor F. W. Cragin of Topeka, in regard to a Cycadoidea found 
in Maryland, for the purpose of comparing it with a specimen 
of the same genus of fossil plant collected in Kansas. On 
reading Professor Cragin’s first two papers on the geology of 
a part of southern Kansas comprising Barber, Pratt, Kiowa and 
Comanche counties, south of the Arkansas River, in the upper 
region of Medicine Lodge River, I thought that the Jura 
existed there, and wrote so to him. He sent mea small box 
of specimens, all Cretaceous fossils. After an exchange of a 
few letters on the subject, the correspondence was dropped. 


Jura and Neocomian of Arkansas, 


200) =. Mareou 


Lately there came into my hands two publications on these 
Kansas counties. One is a detailed description of them by 
Professor Charles 8. Prosser, in vol. ii of The University Geo- 
logical Survey of Kansas, Topeka, 1896; and the other is a 
paper entitled: On Outlying Areas of the Comanche Series 
in Kansas, Oklahoma and New Mexico, by Mr. R. T. Hill, 
this Journal, vol. 1, pp. 205-234, issued in September, 1895, 
but which entirely escaped my notice until one week ago, on 
account of my time having been completely occupied for sev- 
eral years by the writing and printing of the Life of Louis 
Agassiz. 

I have studied with interest all the part of vol. ii, Kansas 
Survey, entitled “ Cretaceous-Comanche series of Kansas,” pp. 
96-181. The author gives carefully observed sections, and an 
important geological map of “Southwest Comanche area.” 
He is clear and exact, but the paleontological part is not only 
very meagre, but also incorrect so far as relates to the princi- 
pal and very important fossil found, a rather large Gryphea, 
collected on the top of one of the Belvidere sections. As he 
follows and uses the classification of Mr. Hill, my answer will 
apply to both memoirs. 

According to two lists of fossils determined by Mr. T. W. 
Stanton, at pp. 216 and 219 of Mr. Hill’s paper, the Gryphaa 
Tucumearvi Marcou has been found at Blue Cut Mound, four 
miles southwest of Belvidere, above the Gryphwa fornicu- 
lata; and Mr. Stanton adds: “It is interesting to note that 
this form (G@. Tucumcari’), supposed by Prof. Marcou to be 
Jurassic, here occurs above G. forniculata, which he consid- 
ered Neocomian, though there is only a few feet difference in 
the beds and they seem to be connected by intermediate forms. 
The geographic distribution of the two species is about the 
same” (Hill’s paper, p. 216). 

At the beginning of the controversy by Mr. James Hall in 
1855, continued afterward by Dr. B. F. Shumard, Dr. J. S. 
Newberry, Mr. R. T. Hill, and others too numerous to name, 
I realized that a misuse of paleontology had been made, and 
ever since paleontological misrule has held complete and 
unchecked sway in regard to the numerous Gryphea found in 
the whole region south of the Arkansas river. After receiving 
specimens now and then from Texas and Kansas, I saw clearly 
that about eight or ten Gryphwa existed there at different levels, 
and that the confusion of species by Messrs. Hall, Roemer, Shu- 
mard, Gabb, Charles A. White, Hill, Cragin and Stanton, was 
sure to result in a complete revision and exact description of 
all the Gryphewa found in the region. I know, and I have 
repeatedly said, that the identification of the numerous (ry- 
phea Piteheri was wrong in almost every case, my own 
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included. Professor Ferdinand Reemer made the mistake in 
1849 and 1852 in referring a New Braunsfelds and Red River 
species of Gryphea to the G. Pitecheri of Dr. Marton.  Fol- 
lowing tcemer, and on account of a complete lack of specimens 
for comparison, I referred the Gryphwa of Comet Creek to the 
G. Pitcheri, although I was in doubt as to the correctness of 
the determination, “for my specimens differed considerably 
from those figured by Roemer, and from the one figured by 
Morton. But at the same time I took the precaution to pub- 
lish excellent and exact figures, in my two works, issued in 
1855 and 1858. For several years, after my hasty visit to 
Comet Creek, I was convinced that the G. Pitgheri found 
there was a different species from the one published by Reemer 
and the one published by Morton; and in 1861, I called the 
Comet Creek species G. Rwmeri, and have even since used 
that very appropriate name for the G@. P7tcheri published 
with figures by Reemer and myself. (‘* Notes on the Cretaceous 
of Texas.” Proc. Boston Soc. Nat. Hist., Jan., 1861, vol. 
viii, p. 95.) Dr. C. A. White did not make use of the 
name G. wmeri and without explanation he many years after 
called the species Kvogyra forniculata, changing the generic 
and the specific name.* 

This is the way that erroneous paleontology has been con- 
stantly used by my adversaries. 

We read in Mr. Hill’s paper, pp. 225-226: “ The species 
called throughout this paper Gryphea forniculata White, is 
the same as the one from Comet Creek, Oklahoma, first figured 
by Prof. Marcou as Gryphwa Pitcheri Morton, and later called 
by him Gryphwa Remeri. The nomenclature of the Grypheata 
oysters of the Comanche series will be thoroughly revised in a 
separate paper which the writer has in print. Prof. Marcou’s 
name G. emeri probably has precedence over @. forniculata 
White, but it may be shown neither of these will stand.” 

“This Gryphzea so abundant at Belvidere is likewise found 
in great numbers in the Kiamitia clays, not only about Denison 
and Fort Worth, but also along a persistent line of 300 miles 
from Goodland, Indian Territory, to south of the Brazos in 
Texas. Its hemera (sic) in Texas is exclusively confined to 
the Preston beds, and Prof. Marcou has always held that it is a 
Cretaceous form ; it is the species upon w hich he established 
the existence of the alleged Neocomian in America.” 


* The Exogyra Texana Reem. or Exogyra flabellata Goldf. is also a sort of poly- 
morph fossil like the so-called Gryphea Pitcheri. The only way to put an end to 
the confusion created by calling almost every Exogyra, Ex. Texana and every 
Gryphea, Gr. Pitcheri, is to make a complete revision of all the Exogyra and 
Gryphza existing, with very careful study of each species and the exact location 
of each stratum. 
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“An interesting fact in the Black Hills and Blue Cut sec- 
tions is that the large Gryphzea which comes in near the top 
of the shales is identical with the form collected by Prof. 
Marcou and is the species called Gryphea Tucumearii by him 
(later called Gryphea dilatata var. Tucumearii).” 

“ Prof. Marcou insisted that the beds from which this species 
came were of Jurassic age, and upon its occurrence he main- 
tained the existence of the Jurassic system in this region. It 
occurs at Belvidere, as on the original plains of the Kiamitia 
near Goodland, in Indian Territory, where it was last year col- 
lected by Mr. T. Wayland Vaughan* of my division, and at 
Kentt+ in Trans Pecos, Texas, stratigraphically above and inti- 
mately associated with the species which he calls Gryphea 
Pitcheri. Thus we have in Kansas and Indian Territory Prof. 
Marcou’s alleged Jurassic species occurring stratigraphically 
above species he called Cretaceous, which facts forever remove 
any previous doubt, if any existed, in favor wd his theory of 
the existence of the Juras ssic formation in Texas, Indian Ter- 
ritory, New Mexican region.’ 

There is only a little difficulty in accepting the conclusion 
drawn by Mr. Hill with such confidence,—the Gryphea col- 
lected in great numbers at the top of the section of Biue Cut 
Mound, near Belvidere, is not the Gryphea Tucumcari ! 

I have had in my possession, ever since 1888, beautiful and 
perfect specimens of that Gryphea, and the idea that a paleon- 
tologist of the U. S. Geological Survey and a chief geologist of 
that Survey should eall it G. Tueumcarii ! was far from my 
thoughts. When such discoveries were made, as those claimed 
by Messrs. Hill, Stanton and Vaughan, their first duty was to 
give good figures and exact descriptions of the Gryphawa and 
put it side by side with the figures and descriptions given by 
me in 1858 (Geology of North America, ete., plate “IV and 
pages 43 and 38, Zurich, 1858). But as it is asimple assertion, 
presenting no basis for discussion, the reader of Mr. Hill’s 
paper cannot judge from the paper itself. The Gryphea 
found on the top of the Belvidere section, above the beds con- 


*In Science, April 2, 1897, vol. v, No. 118, p. 559, Mr. T. W. Vaughan says 
that he found in the vicinity of Arapaho (Oklahoma and Indian Territory) the 
Gryphea Tucumearii of Marcou, a fossil asserted by him to be Jurassic. which 
often occurs imbedded in the same matrix (as the Gryphewa Pitcheri of Marcou or 
forniculata of White). Thus he extends the error of Messrs. Hill and Stanton 
farther south than Belvidere (Kansas). Figures and description of the so-called 
G. Tucumearii are entirely wanting, and Mr. Vaughan mereiy makes an assertion 
without paleontological proofs —Note by J. M. 

+At Kent the Gryphea Tucumcarii, which there is the true species, is not 
above the Gryphea Pitcheri (G. Remeri) but below. And the pretended G. 
Pitcheri of Messrs. Dumble and Cummins belongs to two new species entirely 
distinct from the G. Remeri or Pitcheri (see “ The Jura of Texas,” loc. cit., p. 153). 
—Note by J. M. : 
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taining the Gryphewa Remeri of the Neocomian of Comet 
Creek, is an entirely different species from the G. Zweumearii, 
it is a new species which I propose to call Gryphea Kansana. 
It possesses all the main characters common to all the Gryphea 
of the Neocomian or Lower Cretaceous of America and Europe. 
As for Mr. Hill’s announcement that “ The nomenclature of 
the Grypheeta oysters of the Comanche series will be thor- 
oughly revised in a separate paper which the writer has in 
print,” almost two years have passed and the paper is not 
yet distributed. I hope that it will soon be out; and then, | 
shall publish figures and description of the large Gryphea 
Kansana, n. sp. Messrs. Hill and Stanton do not seem to 
realize that if their identification of the Gryphzeas at Belvi- 
dere and at the Tucumearii region were correct, their discovery 
of one above another at one place and the reverse at the other 
place, in the same geological basin, among almost horizontal 
strata, would go far towards destroying the paleontological 
character for classification of strata, discovered almost one cen- 
tury ago, by William Smith, the author of “ Strata identified by 
Organized Fossils” (4to, London, 1816). Happily their identi- 
fication of the Gryphwa Tucumearii with the G. Kansana is 
incorrect and their classification is based on paleontological mis- 
rule. There seeins to be a sort of fatality, after the numerous 
false identification of half a dozen and probably more different 
species of Gryphwa, with the G. Pitcheri, to have now the 
same difficulty of incorrect identification of two distinct 
species of Gryphewa. It is discouraging in the extreme to see 
such a succession of blunders during more than forty years. 

Now a few words on the age and classification of the Belvi- 
dere section and other outcrops in Kansas. 

Professor Chas. S. Prosser gives a very good account of the 
strata under consideration, in vol. ii of the Kansas Geological 
Survey, although he also falls into the error of calling the 
new Gryphea Kansana, of the top of the Belvidere section, 
Gryphea Tucumcarii. Above the New Red sandstone forma- 
tion of the plains south of the Arkansas River, lies in dis- 
cordance of stratification a sandstone, called by Professor 
Cragin “ the Cheyenne sandstone,” of a thickness of about 50 
to 60 feet. No characteristic fossils have yet been found in it. 
In fact fossils are very rare, only a few shells referred with 
doubt to Avicula and Cucullea having been found, and these 
so poorly preserved that Mr. Stanton has declined “ to identify 
them even generically.” In the upper part of the Cheyenne 
sandstone, a small flora, eight species, has been determined by 
Professor Knowlton, who says: “ That up to the present time 
the dicotyledons from the Cheyenne sandstone are not known 
outside of the Dakota formation,” that is to say the base of the 
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Upper Cretaceous or Cenomanian of Enrope. No conclusion 
can be drawn from such a meagre florula. A Cycadz, called 
Cycladoidea munita by Cragin, recalls the Cycade of the 
Purbeck beds of the island of Portland in England. As to 
the impossibility of having dicotyledonous plants in the Jura, 
as has been insisted upon by my adversaries, it is a very haz- 
ardous supposition without any solid basis to rest upon. The 
great number of species of dicotyledonous plants of the rich 
flora of the Dakota formation, indicates that we must expect 
_ to find dicotyledonous plants far below that formation; and to 
say that dicotyledonous plants did not exist during the Jurassic 
period, is merely a supposition, based on negative proof; a 
very uncertain, questionable basis to rest upon in our time of 
belief in evolution as well of plants as of animals. After the 
ill success of the great paleobotanist Oswald Heer, in the use 
of negative proof, to deny the existence of dicotyledonous 
plants in the Cretaceous of America, it is rather strange to see 
paleobotanists in America falling into the same error. 

As the Cheyenne sandstone does not exist everywhere in 
Kansas, where the Neocomian, called Kiowa shales, is seen, as 
in Central Kansas, MePherton and Saline Counties; and as at 
Comet Creek, the Neocomian, with G. awmeri, rests in such 
places directly on the New Red sandstone rocks, it is most prob- 
able that it belongs to the Jurassic period, and is an eastern 
prolongation of the yellow and white sandstone of Pyramid 
Mount. It has the same lithology with brilliant colors, as 
noted by Professor O. C. Marsh, and future researches will 
decide its rea! and exact geological age. A great desideratum 
is the careful examination near Belvidere of the contact of the 
Cheyenne sandstone with the first three or four beds resting 
on it. Some sort of discordance, due to erosion and denuda- 
tion, and perhaps also some little difference in the dip of the 
strata—a difference which can be only very small considering 
the almost horizontality of the strata of the plains—may be 
detected. Of course it will require prolonged research and a 
very acute practical geological mind, to discover such discord- 
ance. But I hope that some day the work will be undertaken. 
For me such a discovery is only a question of time. So far 
the discordance may be looked for between No. 6 and No. 7 
of Mr. Hill’s section. The Kiowa shales of Professor Cragin, 
so well described by Messrs. Cragin and Prosser, represent the 
Neocomian or Lower Cretaceous in Kansas, from No. 7 of the 
Belvidere section up; below they may be Jurassic. 

Oklahoma.—The Comet Creek bed, as it is called by Mr. 
Hill, is not composed “of a single stratum of Gryphza lime- 
stone, five feet thick,” as he says (this Journal, vol. 1, p. 228) ; 
but of five strata or beds, which are described in my “ Field 
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notes,” published in vol. iii, Pacitic Railroad Explorations, p. 
131. Another example of want of exactness in quotation in 
Mr. Hill.* 

The Tucumeari region.—It seems superfluous for me to 
speak again of my researches; but Mr. Hill’s paper obliges me 
to state more forcibly, if possible, all the facts on which I have 
founded my conclusions that the Jura exists in this region. 

The only section | was able to see and make during my very 

short stay of only 24 hours, the 21st and 22d of Sept., 1853, 
owing to the rapidity of our military march, was at an isolated 
peak west of the Big Tucumcari Mount, which I have called 
Pyramid Mount. Since the name has been used in the map 
of Lieutenant A. W. Whipple’s expedition, and on my geolog- 
ical map of New Mexico, its geographical position is well 
established. I chose that hill on account of its complete isola- 
tion, and also because, after looking carefully through a spy- 
glass at the whole surroundings of Plaza Larga, I thought that 
the beds seemed better exposed to view and would afford me 
a good section. In this I was not disappointed, for as soon as 
I reached the foot of the hill, I had before me a most perfect 
geological section, almost like a wall, with every bed finely in 
view and accessible. I took the right side of the wall section, 
and carefully noted every thing I saw. As I have repeatedly 
published this section, I shall not give it again, only I would 
say that I did not see any mark of discordance of stratification 
by break or erosion between the beds of the New Red sand- 
stone and the Jurassic formation. The bed of blue clay, above 
the yellow and white sandstone, containing near its base the 
Gryphea Tucumearii and Ostrea Marshii, is fully in view. 
defore reaching the bed of Gryphwa, I failed to find in the 
sandstone a single fossil. Above the blue clay with Gryphwa 
Tucumcarii, 30 feet thick, there is 52 feet of yellowish and 
white limestone. In this limestone a few G. Zucumcarii were 
seen, also one or two not well preserved shells of lamelli- 
branchize. 

I nowhere found the Ammonites (Schlanbachia) Shumardi, 
even the smallest fragment. And from the nature of the 
rubbish (débris) at the foot of the wall of that section, which I 
examined with great care, I can say, that it is my conviction 

* To finish with misquotations, I give the following foot note of Mr. Hill's 
paper, entitled: “‘ A question of classification ” (Science, vol iv, No. 103, p. 918, 
Dec. 18, 1896): ‘With the exception of Prof. Jules Marcou, who originally 
maintained that the Middle and Lower Cretaceous of Texas and the Plain Tertiary 
were Jurassic, and who still maintains the Jurassic age of the Middle Cretaceous 
beds of New Mexico and the Lower Cretaceous of Texas. This position has been 
disproved by research.” It is sufficient for me to give it without comment, for 


seldom has an adversary been cited so inexactly or his researches so incorrectly 
used. 
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that the A. Shumardi does not exist anywhere at Pyramid 
Mount; therefore its stratigraphic position in the Tucumeari 
region must be above the last bed of white limestone, seen at 
the top of Pyramid Mount. This remark is of great impor- 
tance, for Professor A. Hyatt, in his exploration of another 
part of the Tucumcari region, insists that he has found the A. 
Shumardi in company with Gryphea Tucumearii. However 
great may be my respect and sympathy for Professor Hyatt, 
and though I fully acknowledge his great authority on cephal- 
opods, regarding him as one of the few masters on everything 
touching Ammonites, Nautilus, Lituites, ete., I cannot refrain 
from expressing my doubt in regard to his finding A. Shumardi 
is the same layer, side by side with G. Tucumcarii. That 
Professor Hyatt saw the Ammonites very near the Gryphea, 
I have no doubt; but I am sure the Ammonite must be above, 
even if only a few inches separate them. If the G. Zueumcarit 
exists above the A. Shumardi, and this is a well established 
fact, which can be easily proved by a careful and exact strati- 
graphist ; then A. Shumardi, as I have said, is a Jurassic 
species, notwithstanding that it belongs to the genus Schlen- 
bachia, which in that case made its appearance in America 
earlier than in Europe.* 

That beds found at other parts of the Tucumeari region, 
lying above the two feet of white limestone of the top of 
Pyramid Mount, belong to the Lower Cretaceous or Neoco- 
mian is very probable, but [ am not to be criticised for not find- 
ing them, for they do not oceur at my section of Pyramid 
Mount. I found there only the Jura and I followed all the 
rules of stratigraphic classification, in referring the strata of 
Pyramid Mount to the American Jurassic formation. I saw 
clearly when I was on the top of Pyramid Mount, that on the 
mesa or plateau of the Llano Estacado, more especially toward 
the east, at Monte Revuelto, there was another series of 
strata capping the Jura of Pyramid Mount and consequently 


* In my paper, ‘The Jura of Texas” (Proceed. Boston Soc. Nat. Hist, vol. 
27, p. 155), I say that Professor A. Hyatt has found at the Tucutcari region 
the Ammonites (Schlenbachia) Shumardi with the Gryphea Tucumcarii, * and 
there is therefore no doubt possibie in regard to the contemporaneity of the A. 
Shumardi and the G. Tucumcarir.” Messrs. Dumble aud Cummins in their Kent 
section (American Geologist, vol. xii, 1893, pp. 309-314), also regard the A. 
Shumardi as contemporary with the G. Tucumcarii. Although I was not con- 
vinced by the assertion of Messrs. Hyatt, Dumble and Cummins, I admitted it, 
leaving the responsibility on those observers. But now, after the repeated fail- 
ure of my adversaries to give the exact position in the strata of each species, I 
am unwilling to accept any longer such supposed contemporaneity, and I think 
that Ammonites Shumardi is younger than’Gryphea Tucumcarii and is placed 
above it in the strata; and that the line of separation between the Jura and the 
Neocomian at the Tucumcari region and at Kent, is between the beds containing 
the G. Tucumcarii and those above containing the A. Shumardi, with a break or 
discordance of some sort between them. 
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ounger; but it was impossible for me to go to Monte 
Teeaiine or any other part of the Tucumeari region, to ex- 
plore that upper series, and consequently I cannot be respon- 
sible for not having found at the Tucumcari region the Lower 
Cretaceous or Neocomian. It is very unjust to attack me in 
regard to the age of strata which I have not seen, and above 
all it is highly erroneous to deny the existence of the Jura at 
_the Tueumeari region. My adversaries have made use of the 
anti-stratigraphic method of placing in a single list all the 
fossils they got there, without any regard to their relative posi- 
tions in the strata. This placing in a single mass all the fossils 
of the Tucumcari region is not the way to make exact observa- 
tions. I protest loudly against such a procedure. For it is 
easy to see the special purpose in view, viz: to show Creta- 
ceous species mixed with Jurassic ones, and to conclude that 
the Jura did not exist there. It is contrary to careful strati- 
graphy to do so, and very unfair. Each group and even each 
bed should be given with the list of fossils found in each, 
otherwise lists of fossils all together are deceptive, and cannot 
be accepted as paleontological proof of the age of all the strata 
of a whole region. That the Lower Cretaceous exists at the 
Tucumeari region I am ready to believe, but the beds belong- 
ing to it are all above those which I have classified as Jurassic. 
In conelusion, I have to say that in the paper of Mr. Hill we 
have another example of erroneous determination of a Gryphea 
which has led some geologists to continue their disbelief in 
the existence of the Jura at the Tucumcari. The Tucumcari 
region is open to every observer, and I am fully confident of 
the final verdict. 
Tabular view of the strata of the Tucumeari region. 


( Cretaceous strata of Monte Revuelto, six miles east of 
Pyramid Mount. Thickness about 200 feet. The con- 
tact bed with the Jurassic formation has not yet been 
described. 

Nota bene.—Very likely a discordance of some sort exists 
at the contact of the Jura and Cretaceous. 


Cretaceous. 
AW 


( Jurassic strata existing above the top bed of the Pyramid 
Mount section. Thickness unknown. 


J Jura of Pyramid Mount, with Gryphea dilatata var. Tucum- 
carii, and Ostrea Marshii. Composed of yellow and 
white sandstone, of blue marl, and yellow and white 
. limestone. Thickness about 200 feet. 


Jura, 


Keuper or variegated marls of the Trias. 


. 
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General Classification of the Jura and Neocomian south of 
the Arkansas river—When, in 1887, Mr. Hill published his 
first essay of a “ Geologic Section of the Cretaceous strata of 
the State of Texas, ete.” (this Journal, vol. xxxiii, p. 299, 
April 1887), I saw that there were important mistakes in his 
classification of the Lower Cretaceous; but I thought that he 
would correct them, in his further researches. Instead of 
improving his classification, however, and giving a clearer and 
more exact nomenclature, confusion has been aggravated, until 
I think it is time to interfere. 

It is strange, that almost perfect stranger as I am, for I have 
explored a very small part of Texas, only a simple road in 
the Panhandle—I should be obliged again to attempt a more 
logical and exact classification, than the one in use by those 
who have in charge the description of the geology of that 
great and beautiful State. 

In 1860, Dr. B. F. Shumard published his “ Section of the 
Cretaceous strata in Texas” (Trans. Acad. Se. of St. Louis, 
vol. i, p. 582); and in 1861, I gave before the Boston Society 
of Natural History a corrected section, reversing the whole 
classification from top to bottom (Proceed. Boston Soe. Nat. 
Hist., vol. viii, January 1861, p. 93). After many years of 
opposition and discussion my classification has been accepted 
as correct. It remained only to complete the details of sub- 
divisions, and to keep the Jurassic formation distinct from the 
Lower Cretaceous. Mr. Hill in his first paper replaced the 
Jura in the Cretaceous, and ever since with some variations 
has continued to identify the Jura either with the Washita 
division, or with the lower part of what he calls the Lower 
Cretaceous (Trinity division). Only once, after his first visit 
to the Tueumeari region, has he recognized the strata contain- 
ing the Gryphea dilutata var. Tucumcarii and Ostrea Marshii 
as Jurassic; but as he said, he regretted it directly, and 
returned with new vigor to his classification of the Texas Jura, 
in the Lower Cretaceous. 

The constant changes in Mr. Hill’s classifications render it 
extremely difficult to understand the meaning of the names he 
uses for the subdivisions, the great divisions and even his 
name of ‘‘Comanche series,” called first “ Texas series.”’* It 
is almost impossible to keep pace with him. Almost every 
year since 1887, when he published his first classification, he 
has brought forward a new one. To render the matter more 
confusing, the Geological Survey of Texas has also used dif- 
ferent classifications in its annual reports, and we have now 
about ten different classifications to deal with. 


*Mr. Hill. in his nomenclature, uses the name ‘* Comanche Peak Group,” 
“Comanche Division” and “ Comanche series ;” rather too many Comanches. 
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For the present I shall not enter into any explanation of 
these classifications or show the numerous discrepancies between 
them. But I shall say only, that above what has been called 
“ Dinosaur sand” or the true Trinity, we have a certain num- 
ber of beds, called Glen Rose, Paluxy, Caprina and Caprotina 
limestone, Grypheea rock and Walnut clays, Comanche Peak 
chalk and Goodland limestone—some of which are placed 
sometimes in the Trinity division, and at other times in the 
Fredericksburg—which require a careful study before they are 
placed either with the “Dinosaur sand” or with the Washita 
division. With this reservation I shall proceed to present a 
stratigraphic and paleontologic classification of the strata com- 
prised between the undoubted Trias and the undoubted Upper 
Cretaceous. 

A. Beginning with the base, we have first, the Trinity or 
Bosque division, The first description of it was given by Mr. 
Hill, in the second volume of the Arkansas Geological Survey, 
1888. I repeat that I have shown with details, that the fauna 
found in it is a Jurassic fauna, without a single form which 
can be attributed to a Cretaceous species. In Pike County, 
Arkansas, round Murfreesboro, the upper portion of the Trin- 
ity division has been destroyed by denudation and erosion 
after the upheaval and break at the end of the Jura period. 
But it may turn out after more minute researches and observa- 
tions, that the missing upper portion may be found in part, if 
not zn tote, somewhere between Murfreesboro, Pike Co., 
Arkansas, and Tishomingo, Chickasaw Nation, in the Choctaw 
Nation territory, at or near the small stream called Kiamishi or 
Kiamashi, where Dr. Z: Pitcher found a small specimen of a 
Gryphea, called by Dr. Morton Gryphwa Pitcheri. 

The geographical distribution of the Trinity division fol- 
lows a curved line from Murfreesboro, Arkansas, to Tisho- 
mingo, to Glen Rose, Somerville Co., to Bosque Co., and 
Trevis Co. in Texas, crossing the Trinity River valley, from 
which it received its first name from Mr. Hill. Two different 


Facies exist on that line. The first or Arkansas facies is com- 


posed of various rocks, such as grayish yellow limestone and 
argillaceous sand. The second or Bosque facies is less argil- 
laceous, with more limestone, more especially in that portion 
of the division which has been called ‘ Glen Rose (alternating) 
bed.”* West of Travis Co. or Austin, a third facies makes 
its appearance, formed only of sandstone yellow and white, 


*The superposition of some of the subdivisions referred to the Glen Rose is 
doubtful, and some may belong to a younger formation. The Paluxy sand has 
also’ been classified by some as belonging to the Fredericksburg division, while 
others place it with the Trinity sand, without intercalation of the Glen Rose. 
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which has been called Paluxy sandstone near Comanche Peak 
and at the Kent County section; simply yellow and white 
sandstone at the Pyramid Mount section ; and Cheyenne sand- 
stone near Belvidere, Kansas. This third facies is the most 
persistent, occupying all the western country from Kansas to 
New Mexico, western Texas and very likely northern Mexico. 

B. Following the Trinity division and in concordance of 
stratification we have the Tucunicari division, composed of 
blue marl at the base, containing a bed formed entirely of 
Gryphea dilatata var. Tucumcarii and Ostrea Marshii ; then 
comes a yellowish limestone with two or three feet of white 
limestone. The top of that formation has not yet been 
described. Very likely it exists at Monte Revuelto, in the 
Tucumeari region. The Gryphea Tucumearii is found seat- 
tered, more or less, through the whole division, but more 
abundantly at the base. At the end of the deposition of this 
formation, a great break occurred ; denudation on a large scale 
swept away the greatest part of it, leaving now and then a 
small remnant; for instance at Belvidere, Kansas, where the 
strata numbered 4, 5 and 6, by Mr. Hill seem to belong to the 
lowest bed of the blue clay containing Gryphaa Tucumearii 
of the Pyramid Mount section. At Kent, in Texas, the 
superior part of the Tucumeari division exists with the 
Gryphea Tucumearii; and more of that division will be 
found in the region of the Pecos River valley and also on the 
upper Canadian River region. As I have already said, the 
strata of the Kiamishi Creek valley in the Choctaw Nation, 
containing the original Gryphewa Pitcherit of Morton, may 
belong to the lower part of the Tucumeari division. 

C. We next come to a new great period, the Cretaceous 
age, beginning with the strata containing an immense number 
of Gryphwa Raemeri. When I say that the Cretaceous begins 
with the apposition of the G. Rameri, it is only a means of 
calling the attention of the observer in the field, for there are 
some strata below the true zone of the Gryphwa Remeri. 
For instance at Comet Creek, Oklahoma, we have one bed con- 
taining Caprotina Texana, with a form of Ezogyra Tewana ; 
while at Black Hills, Kansas, we have thirteen feet of shales, 
numbered 7, 8, 9 and 10 in the section of Mr. Hill, containing 
no fossils, which very likely are already Cretaceous strata. I 
recall that No. 6 of Mr. Hill’s section belongs still to the Jura, 
and that denudation or erosion very likely exists between num- 
ber 6 and number 7, the last number beginning there the truly 
Cretaceous series. The presence of “ occasional minute peb- 
bles” in No. 7, indicate the disturbance after the break 
occurred at the end of the Jura, and is an important witness 
of the denudation and erosion. : 
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With the Gryphwa Remeri zone, we have the beginning 
of an important series of strata, containing a Lower Cretaceous 
fauna well characterized and which can be subdivided into four 
or five sub-fauna and easily followed and studied between Bel- 
videre, Fort Washita, Fort Worth and Comanche Peak. 

We have three facies of the Lower Cretaceous or Neoco- 
mian. One is called the Washita facies, composed mainly of 
limestone and constitutes the true Washita division, as I estab- 
lished it as long ago as 1853, when at Comet Creek, near Fort 
Washita. The second facies is called by Professor Cragin 
“ Kiowa shales,” being composed mainly of shales, instead of 
the great development of limestone of the Washita facies. 
The second faczes has seemed until now to be confined to 
the strata of Kansas. Then we have a third facies called 
Fredericksburg division, at Comanche Peak, Walnut, Goodland 
and further south. 

A great deal of confusion has been caused by a sort of dupli- 
cation of one single series, the true Washita division, which 
has been called in eastern and southern Texas Fredericksburg 
division. A careful survey of all the strata composing the 
Lower Cretaceous between Fredericksburg, Austin, Comanche 
Peak, Fort Worth, Fort Washita and Comet Creek is much 
needed. For it is plain that the Comanche Peak and Kiamitia 
clay or Preston subdivisions are simply the base of the Washita 
division, which cannot be separated from the Fort Worth 
limestone. 

Therefore, instead of the classification used by Mr. Hill under 
the single name of “ Comanche series” or Lower Cretaceous, 
composed of these divisions, 1st the Trinity, 2d the Fredericks- 
burg, and 3d the Washita, we have the Jurassic series com- 
posed of the Trinity and the Tueumeari division, and the 
Lower Cretaceous or Neocomian composed of the Washita 
division; dropping the Fredericksburg, which is only a facies 
of the Washita, and placing the Tucumcari division in its true 
stratigraphic and paleontologie position. 

General tabular view for the whole country south of the 
Arkansas River: 


Upper Cretaceous. 


Break. 
Neocomian 28 | Comprising all the subdivisions, as well 
or as the Kiowa and Fredericksburg facies. 
Lower Sm Zone of the Gryphea Kansana. 
Cretaceous. Zone of the Gryphewa Remeri. 
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Break. 


Jura. 


Mai 


Tucumeari 


Division. 


A. Trinity 
Division. 
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Jura and Neocomian of Arkansas, ete. 


Jntil now this upper part of the Jurassic 
formation has been best preserved in 
the Tucumeari region. A few remnants 
exist near Belvidere (Kansas), at Kent 
(Texas), and possibly in the Choctaw 
Nation. 

Zone of the Gryphwa Tucumearii and 
Ostrea Marshii. 


~ Best developed in Pike County, Arkansas, 


and Bosque County, Texas. 


Represented in Kansas by the Cheyenne 


sandstone; at Pyramid Mount, New 
Mexico, by the yellow and white sand- 
stone; and at Kent, Texas, by sand- 
stone called Paluxy. 


Resting on the New Red sandstone or the Palezoic series 
according to different parts of the country. 
Cambridge, Massachusetts, May, 1897. 
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Art. XXIV.—On Pithecanthropus erectus; by Professor 
L. MANovuvRIER of the Paris School of Anthropology.* 


Extracts selected from two articles: “The Pithecanthropus erectus and the 
Theory of Evolution” (Revue Scientifique, 4™° sér., t. v), and ‘‘ Response to the 
Objections against the Pithecanthropus” (Bull. de la Soc. d’Anthrop. de Paris, 
4me sér,, t. vii). Translated by George Grant MacCurdy, M.A. 


THE Revue has already said a few words about an important 
scientific event which [ now propose to discuss more fully. 

It is a question of the discovery in Tertiary strata near 
Trinil, Java, of bones which seem to have belonged to a being 
intermediate between man and the anthropoids. This could 
be a precursor and perhaps an immediate ancestor of the human 
species, the link, heretofore lacking, of the chain which, accord- 
ing to the theory of evolution, onght to unite without interrup- 
tion lomo sapiens with the rest of the animal kingdom. The 
author of this discovery is Mr. Eugene Dubois, physician in 
the Dutch army. The oceasion was a vast geologic explora- 
tion made in Java, from 1890 to 1895, under the auspices of 
the government of Holland. 

Such good fortune did not come to Mr. Dubois by hazard. 
He was attracted to the Indian archipelago in the hope of find- 
ing there, by means of important excavations about to be 
undertaken, the famous Missing Link theoretically foreseen, the 
existence of which should antedate Quaternary times. Certain 
hypotheses even considered the “ Iles de la Sonde” as a pos- 
sible cradle of the human race. Mr. Dubois, then, was guided 
by theoretic views ; and if he has been fortunate in his research 
he has merited it by his competence as geologist and anatomist, 
also by the talent with which he has known how to turn his 
discovery to account. 

It is all very well to find an inscription, it is another thing 
to decipher it. This latter task, as will be seen farther on, 
presented great difficulties which Mr. Dubois has overcome in 
a most creditable manner. 

A very incomplete skull, two molar teeth picked up at a 
meter’s distance from the skull, and a femur lying at some fif. 
teen meters’ distance, the whole enveloped in an earthy gang, 
very hard, and occurring in a bed which included other remains 
of a Pleistocene fauna to day for the most part extinct—such 
are the pieces of a more or less human appearance of which 
the specific determination was in question. It is obvious that 

* Two illustrated papers on the Pithecanthropus erectus have already appeared in 
this Journal, both by Professor O. C. Marsh, who from the tirst revarded this 


new form as intermediate between man and the higher apes. See vol. xlix, p. 144, 
lebruary, 1895; and vol. i, p. 475, June, 1896.—Kp. 


Am. Jour. Sc1.—Fourts Series, Vou. 1V, No. 21.—Sepr., 1897. 
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the inscription to be deciphered is far from being perfect ; the 
letters remaining are few. But these are the initials, and in 
the connection in which they are found, chance has served 
science almost as well as a judicious choice among all the parts 
of the skeleton could have done. 

The two molars ag ge in reality, in addition to the max- 
illary bones and the face, the vegetative function; the femur 
represents tle function of locomotion ; what is left of the skull 
suttices to give important indications as to the cerebral and 
intellectual development. 

Although these different pieces were found separated a cer- 
tain distance one from the other, the conditions of the deposit 
and the circumstances of the excavations have convinced Mr. 
Dubois that they belonged to one and the same individual. He 
has made a thorough and very careful study of them,* of 
which the conclusion is that they attest the existence, in the 
Pleistocene epoch, of an anthropoid species of biped inter- 
mediate between the known anthropoids and the hnman 
species, precursor of the latter and probably descended from 
the genus Hylobates (Gibbon). In consequence, the new spe- 
cies received the name of Pithecanthropus erectus. 

Strongly supported as they were, these conclusions were des- 
tined to move more or less, not only the specialists in zoology, 
anthropology, and paleontology, but also the entire thinking 
world. 8 Nii toward the end of the year 1894, Mr. 
Dubois’ memoir was not slow in provoking criticisms and dis- 
cussions, the iner of which is not without some interest. 

January 3, 1895, I communicated to the Paris Society of 
Anthropologyt a detailed estimate, based upon the study of 
the drawings, photogravures and tables, contained in Mr. 
Dubois’ paper, and which, in part favorable to the conelusions 
of the author, may be summed up as follows : 

It is not certain that the specimens in question belonged to 
the same individual nor even to a single species. but it is pos- 
sible, for there is no lack of anatomical correlation among the 
different pieces. 

The femur, for the human species and according to my 
tables for the reconstitution of the staturet would corres pond 
toa height of about 1°657". This femur, by its pilastrie index$ 
or index of a transverse section at the middle point of the 


* Pithecanthropus erectus, eine menschenzhnliche Uebergangsform aus Java 
(Batavia Landesdruckerei, 1894). 

+ Discussion du Pithec. erectus comme précurseur présumé de l’homme (Bull. 
Soe. d’Anthr., fase. 1, 1895), 

Mém. sur la détermin. de la taille d’ gels s les grands os des membres (Mém. 

Soe. d’Anthr. de Paris, § 2, t. iv, 1892). 

§ Etude sur les variations morph. du corps du fémur dans l’espece hum. (Bull. 
Soe. d’Anthr., 1893.) 
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diaphysis, indicates certainly a biped attitude. But it does not 
present a single character permitting one to attribute it to any 
other species than the human, Yet that invalidates in no way 
the general conclusion of Mr. Dubois, because on the hypothe- 
sis, Where an anthropoid race would have passed from the atti- 
tude of a climber to the attitude biped, the transformation of 
the femur ought to have preceded that of the skull. 

The tooth (3d upper molar) is too large sized, its roots too 
divergent to admit of its being attributed to man. I have 
been able to find only one human tooth (in a New Caledonian 
skull) which presents at once so large a crown and of which the 
principal axis is at the same time directed from before back- 
ward, but this is a third lower molar and its roots are not 
spreading. On the other hand, the grinding surface of the 
fossil tooth from Java differs much from the known teeth of 
anthropoids. It should then be considered as having belonged 
either to an anthropoid race, or to a human, no longer living. 

The skull, according to Mr. Dubois’ calculations confirmed 
by my own, has a capacity of from 900 to 1000°. This 
capacity exceeds by about 400° the maximum found among 
the largest anthropoids. On the other hand, it is too small to 
be compatible with a normal human intelligence, save among 
individuals of very small stature having a cranial capacity rela- 
tively large with reference to their stature and with reference 
to the average of their race. But, even discarding the teeth 
and femur about which there is some doubt, the morphologic 
characters of the cranium from Java suftice to denote a cere- 
bral volume relatively very weak. The skull then must have 
belonged either to a normal individual of a race intermediate 
between the grand anthropoids and man, or to an abnormal 
man, to an imbecile, microcephalous for his race. This last 
supposition has the disadvantage of admitting the extraordi- 
nary encounter of an anomaly; if such an encounter is, 
strictly speaking, possible, it is hardly probable. In short, at 
least, a skull mor phologically intermediate is in question. It is 
not certain that this skull represents the normal state of a fos- 
sil human race equally intermediate, but it is still less certain 
that it is a question of a simple anomaly. Consequently, the 
hypothesis of Mr. Dubois is scientifically legitimate. 


Such were my first conclusions in January, 1895. But very 
different conclusions were reached at about the same time in 
Germany and in England. 

At the Berlin Society of Anthropology,* the question was 
examined by Kraiise, Waldeyer, Virchow, Luschan, and Nehr- 


* Zeitschrift fiir Ethnologie, Heft i, 1895. 
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ing. There, the femur was declared human and the skull 
attributed more or less affirmatively to an anthropoid. 

On the other hand, Cunningham at Dublin and Sir W. 
Turner at Edinburgh pronounced both skull and femur human ; 
Rudolph Martin* of the Ziirich Univerity was of the same 
mind. 

Such a divergence of opinions expressed by these anato- 
mists, all of them so competeat, would almost suffice to demon- 
strate the really intermediate state of the skull from Java, for 
it is well known how great the difference is between a human 
skull and that of a monkey. To give occasion for opinions so 
opposed, it was necessary that the skull from Java should 
present important characters human and important characters 
simian. 

That which explains also the divergence in question, is that 
the human skull drops now and then to a simian level among 
the microcephalous of all races, and to a level approaching the 
Pithecanthropus among certain inferior individuals, especially 
in the lowest savage races. 

The skull from Java is no less remarkable in its general 
form than in its weak capacity. Its entire median curve is 
extremely elliptic ; the forehead is extremely narrow and taper- 


Fig. 1 (fig. 53).—Profile of the cranial cap of Trinil; 4, Approximate position 
of the basion; », Rudiment of the temporo-occipital crest, 


ing. The lower portion of the frontal bone above the orbits 
forms a sort of visor of which the relative prominence sur- 
passes all known proportions in the human species, not except- 
ing, even, the famous Neanderthal skull. The lateral projec- 
tion of this visor is not less extraordinary and denotes a great 
depth of the temporal fosses. The frontal region presents a 

* Kritische Bedenken gegen den Pith. erect, Dubois (Globus, Band Ixvii, No. 
14.) 
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lateral flattening which gives to the enseinble of the cranium a 
pyriform aspect when seen from above. The posterior parietal 
region is flat from above downward to a degree no less remark- 
able. The occipital crest is very thick. The temporal crests 
do not come very near to the sagittal suture, but they are pro- 
longed downward and backward in such a way as to form a 
parietal super-mastoid crest which goes almost to form a junc- 
tion with the occipital crest. I at first pointed out with some 
reserve this simian character after a photogravure in Mr. 
Dubois’ memoir; but I am now no longer in doubt as to its 
reality. Finally the foramen magnum and the auditory meatus, 
which are missing, appear to have been situated a little farther 
back than in the human species. 

As has been said above, human erania very inferior for their 
‘ace sometimes approach more or less in volume and form to 
anthrepoid crania. Professor Turner* has also been able to 
show many exceptional human skulls that approach to a 
remarkable extent the skull from Java with reference to capac- 
ity, ete. But, if we suppose that collections of crania richer 
than those that we possess would permit us to find upon 
human erania all the characters of inferiority noticed on the 
Pitheeanthropus and to a degree as pronounced, the skull from 
Java would present none the less this peculiarity: that it 
brings together a group of characters all of them the limit for 
the human race. It is the union of these characters that it 
behooves us to consider, all the more so that the coexistence 
of certain of these characters on the same skull is particularly 
interesting. Thus normal human erania can have an inferior 
capacity of 1000 eubic centimeters, but then these are pigmy 
crania, and they come up again with respect to the general 
form because they contain a brain relatively voluminous with 
reference to the stature; they have no right, so to speak, to 
that enormous frontal visor which is, among all races, the lot 
of individuals with powerful skeleton and brain relatively 
small, or of averred microcephalous individuals whose develop- 
ment of skeleton approaches the medium. 

Besides, let us admit that a non-pathological human skull 
may be found in which are united all the * caractéres limites’ 
of the skull from Java; that would prove nothing against the 
hypothesis of Mr. Dubois, for such a skull would be always a 
very rare exception in any human race whatsoever, whereas, 
according to all probability, the one skull found in Java is not 
a rare exception in its race. And then this race is of the 
Pleistocene epoch, which of itself would give no ground for 
astonishment were its one known specimen morphologically 


* Jour. of Anat. and Physiol., vol. xxiv, 424. 
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inferior to our present races. We will refer further on to this 
question. 

The opinion expressed in Germany is explicable, in the first 
place, by the fact that they commenced by attributing the 
femur of Java to a man without further question. In the 
second place, they emphasized too much the simian characters 
of the cranium and teeth. They saw that, according to these 
characters, the race of Java could not be attributed to the 
human species, but forgot that, according to other characters, 
they had no right to attribute it to the race of monkeys. For 
no known anthropoid approaches the fossil race of Trinil either 
by its cranial capacity or by its occipital characters at an adult 
age. 
Besides, a view of the remains themselves and a more 
thorough study of them have already resulted, so it seems, in 
a change of the opinions first expressed. 

3e that as it may, Mr. Dubois can congratulate himself on 
seeing placed in relief, at Berlin, the reasons according to 
which his Pithecanthropus could not be a man and, in Eng- 
land, much better reasons according to which the same P2the- 
canthropus could not be a monkey. 

The question rested there until the International Zodlogical 
Congress was held in Leyden, September, 1895. At this con- 
gress, where were found such eminent zodlogists and anatomists 
as Sir W. H. Flower of London, A. Milne Edwards, Perrier 
and Filhol of Paris, and others, Mr. Dubois showed the fossil 
pieces from Trinil, to which was added another tooth (2d molar) 
which he mistook at first, before having completely cleared it 
from its matrix, for a tooth of Suidw. The view of the orig- 
inals did not result in calling forth decided affirmations from 
the Congress. According to the information that I received 
from Mr. Dabois and from Professor Kollmann of Bale, and 
according to a communication made to the Paris Academy of 
Sciences by Milne Edwards, the question was considered as 
demanding further research. Professor Virchow, without 
committing himself, emphasized certain pithecoid characters 
of the skull and femur, notably the resemblance of the femur 
to that of the gibbon; he showed especially that, according to 
researches made in the collections of Pathological Anatomy of 
Berlin, the voluminous osseous vegetation presented by the 
femur of Trinil in the posterior sub trochanterian region might 
be due to an abscess from congestion of the thigh, probably 
following a caries vertebral. 

Mr. Dubois having satisfied himself, at Leyden, that the 
direct view of the fossil remains from Java contributed much 
to corroborate his demonstrations, kindly took those remains 
first to Brussels, then to Paris, then to Dublin, to Edinburgh, 
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London, Berlin and Jena. He will set forth, without doubt, 
in the near future the happy effects of that scientific tour upon 
anatomists when he describes the fossil fanna (Upper Plio- 
cene) contemporaneous with the Pithecanthropus. The opin- 
ion adopted seems to be to-day very generally analogous to the 
one set forth at the beginning of this article. 

It is the aspect of the specimens from Trinil and their complete 


Fie. 2 (fig. 54.)—Norma verticalis of the skull of Trinil compared with that of 
the Neanderthal skull. 


fossilization, which surpasses by far that of all human remains, 
even the most ancient known until then, that tend more power- 
fully than all demonstration to place them as contemporaneous 
and as coming from one and the same individual, especially since 
there exists among them no want of anatomic correlation. 
The degree of fossilization is such that the femur attains the 
weight of 1 kilogram, whereas prehistoric femurs of the same 
size do not exceed 350 grams. All that, joined to the condi- 
tions of the deposit, adds value to the divers anatomic facts 
. and deductions given above, and constitutes a mass of argu- 
ments before which it becomes difficult not to surrender. 
Without doubt, these diverse fossil pieces, which all present 
characters intermediate between the human and the simian 
morphology, these diverse portions of the skeleton which are 
all explained the one by the other, do not come from two or 
three different species which would have met in some way by 
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special appointment within a space of a few meters to leave 
there, one its skull, another two teeth, and a third its femur, 
the whole without want of correlation. 

As regards the femur, I have studied particularly the char- 
acter upon which Mr. Dubois insists, viz: the almost cylindri- 
cal form of this bone in the poplitic region, 4 centimeters 
above the upper margin of the condyles. At this level, the 
transverse diameter is ordinarily much greater than the antero- 
posterior diameter. On the femur of Trinil these two diame- 
ters are almost equal. At the same time, if we measure, 
beginning at a point anterior m, two antero-posterior diameters, 
the one ending at the median point p, the other at the point 7 
situated on the external branch of the bifurcation of the linea 
aspera, we find mn < mp. I have been able to find this 
double character on only six human femurs out of more than 
a thousand belonging to races very diverse. Again it is less 
accentuated than on the femur from Java, so that this femur 
presents also in this respect a new “caractere limite” for the 
human species. One human femur alone presented this char- 
acter to the same degree as the femur of Trinil; it is a Parisian 
femur of the Middle Ages, and this bone is pathologic ; it 
presents grave coxalgic lesions and divers characters attesting 
a consecutive functional impotence. A detailed interpretation 
of the character in question is found in the Bulletin de la 
Société ad’ Anthropologie (t. vi, 4"° sér.). It can be summed 
up as follows: 
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Fig. 3 (fig. 55)—Transverse section of fhe femur 4 centimeters from the 
upper margin of the condyles.—Scheme representing the passage from the com- 
mon type 1 to the form of the femur of Trini] 6.—EI, Transverse axis.—Ap, 
Antero-posterior axis. 
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This character can be produced sporadically in any race 
whatsoever; it does not seem to possess any ethnic value in the 
human species, it seems to be connected most often with a 
certain muscular weakness and can be the result of a lesion 
affecting the upper part of the bone. As the femur of Trinil 
presents exactly such a lesion, resulting itself from a malady 
capable of entailing during a period of years a relative impo- 
tence of the lower members, it is quite possible and, I believe, 
even probable that if we should tind a second -femur from the 
same race, it would be very different from the one we possess. 

This has none the less a very great importance, because it 
attests peremptorily the “marche bipede” which the cranial 
characters had been powerless to demonstrate in a sufficient 
manner, and the rather large size of the subject. It is sufti- 
cient for us to know that the femur of Trinil is not that of a 
monkey but that of an animal maintaining the upright position, 
an idea which is not in the least disturbed by pathologie con- 
siderations. If the femur in question had been completely 
sound, its form would have approached even more the ordinary 
human form. Such as it is, it does not recall, in my opinion, the 
femoral form of the gibbon any more than the Quaternary 
femur of Spy, described by Mr. Fraipont, recalls the femoral 
form of the gorilla, provided one does not take into considera- 
tion the characters connected with an upright position. In 
other words, the femur of Spy, although human, would not 
be less pithecoid than that of Java. 

Mr. Hepburn* of Edinburgh does not regard the characters 
of the femur of Trinil as sufficiently pronounced to form a 
genus distinct from the genus //omo. These characters are 
human and not simian. Upon this point, we are in accord. 
He adds that if the femur comes from a human being, and if 
the teeth and skull belong to the same, then the conclusion 
relative to the femur should apply also to the skull and the 
teeth. 

On this last point, the justice of the conclusion depends on 
the signification attached to the term Auman being. If the 
femur of Trinil, considered separately, proves that its possessor 
was not a monkey, it certainly does not prove that its possessor 
ought to be classed according to the totality of its conformation 
in the human species, or genus, so far as known. [ have 
already insisted at length upon this fact, that the femur can be 
morphologically very human in a being low enough with 
respect to cranial development to merit ‘only conventionally 
the name of man. It is necessary, then, to take into account 
its skull and its teeth, as well as its femur, in an estimation of 


* Journal of Anatomy and Physiology, vol. xxxi. 
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the fossil individual from Trinil. According to the femur, it 
would be a man with a perfect title to the name; according to 
the skull and the teeth, it is a creature low enough, in relation 
to the lowest human races, to be considered as passing beyond 
the lower limit for the human species or genus, so far as 
known, in the measure that its inferiority represents the infe- 
riority of its race. It is this last point that rests in the condi- 
tion of a hypothesis, but of a hypothesis which has for itself 
the greatest possibility. This hypothesis admitted, we are 
obliged to agree, viewed from the point of view of the theory 
of evolution, that the individual of Trinil, incontestably homi- 
nian, presents an ensemble of anatomic conditions respond- 
ing marvelously to that which the theory of evolution could 
look for in an ancestral race. 


Fic. 4 (fig. 56) —Attempt at the reconstruction of the skull of Pithecanthropus.— 
B, Basion. The points marked about the letter B indicate the limit of possible 
errors.—C, Occipital crest.—pt, Inferior parietal crest almost joining the occipital 
crest.—i, Inion.— HH’, Horizontal plane of Broca (alveolo-condylian).—B A, Basio- 
auricular line.-—BO, Plane of the foramen magnum. 


As regards the skull, I have been able, by virtue of the cast 
kindly given to the Anthropological Laboratory by Mr. Dubois, 
to attempt the graphic reconstruction. I made the attempt 
simply to satisfy myself of the‘aspect resulting from diverse 
cranivlogic proportions, but I believe I have obtained a draw- 
ing conforming approximately enough to the reality to be of 
interest to anatomists. : 
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: The ,maximum error possible for the separate points of 
the skull has been limited by correlations so diverse and 
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Fig. 5 (fig. 57) —Skull from Turkestan of bestial aspect in which is inscribed, by 
means of a dotted line. the cranial cap of Trinil—IF, Inio-orbital line common to 
the two skulls. —T, Curved temporal line of the skull of Turkestan. This skull is 
extremely remarkable for the extent of the surface of insertion of the temporal 
muscle. It presents the crest pt of figure 4 (56). The sincipital region is muti- 
lated by a sabre stroke. 


rigorous that the errors which could have been committed 
cannot modify them, notably the general form of the skull, 


Fic. 6 (fig. 58)—Skull of a young chimpanzee. 


properly speaking, and its orientation. The figure thus ob- 
tained seems to me to make it évident that, it is impossible, 
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with the cranial cap of Trinil, to construct a skull having an 
———_ either completely human or completely simian. 

he occipital characters which I attributed to it differ radically 
from those of adult anthropoids; in vain did I orient it in 


Fig. 7 (fig. 59)—Skull of Margaretha Moehler, microcephalous adult of Carl 
Vogt. The dotted lines represent two well developed feminine crania from Paris; 
one large, the other small. The auditory meatus is the point of superposition. 


superposing it upon a human cranium; it had not, for that, an 
appearance suitably human, and we attempt in vain to pivot 
it about its bi-auricular axis in order to give it an air more 
human or more simian: we are struck by divers incompati- 
bilities. The truth, which, I think, will appear clearly to all 
craniologists, is that the skull from Trinil represents the mor- 
phologic stage of the young anthropoid, a stage during which 
these animals approach man in important cranial characters 
much more nearly than at the adult age. 

The adult Pithecanthropus possessed these characters of the 
young anthropoid; such is the result of our attempt at recon- 
stitution, result independent, I repeat, of incurring chances of 
error, independent also of any preconceived idea, for I have 
striven only to place each separate point of the cranium and 
line conformably to anatomic correlations without pre- 
occupying myself as to the final result. It has been admitted 
that the two molars, the femur, and the skull belong to the 
same individual, but this hypothesis has not exercised the 
least influence upon the drawing of the cranial region, properly 
so called. The technical details and justifications are to be 
found in the Bulletin de la Socicté d@ Anthropologie above 
mentioned. I present here only a few drawings, which may 
be compared advantageously with the preceding. 

The fact that the skull from Java bears such a strong mor- 
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phological resemblance to that of a young anthropoid is of a 
nature to explain the divergence of opinions, some of which 
aseribe it toa monkey, others, to the human species. But as it 
is a question of an adult, this fact is pronouncedly in favor of 
ascribing the skull to the human species with the reserve that 
it occupies a rank morphologically intermediate between 
anthropoids and the lowest human races. However, an anthro- 
peid maintaining the upright position and possessing such a 
cranium is nothing less than a low order of human, for it has 
lost the essential traits which differentiate man from anthro- 
poids. It is understood in this sense that the opinions of 
Turner and Cunningham do not differ from mine. 

The important thing is the establishing of the fact that the 
craniologic inferiority of fossil human races, according to the 
specimens we know, increases with their antiquity. The dis- 
covery of Mr. Dubois contributes to establish this fact. 

Let us represent by aline AD the entire family of Homi- 
nid, which, for the theory of evolution, includes, in addi- 
tion to the genus Homo in its known state CD, an unknown 
fossil portion CA, connecting the known portion with an 
anthropoid ancestor whatsoever A. When we say that the 
individual from Trinil belongs to the human species, that signi- 


A C D 


Trinil Spy 
Australians 


fies that it can enter into the portion CD within the limit L, 
which, for the anti-evolutionists, the human species must not 
overlap. 

When it is said, on the contrary, that the race of Trinil is 
inferior to all known human races including the portion C, it is 
considered thereby even as one of those intermediate races 
TT’ which, according to the theory of evolution, ought to have 
formed the unknown portion of the line AD.—Whether or 
not we place this race under the genus //omo (which is of little 
moment for the evolutionist), we consider it as one of the 
intermediate fossils theoretically foreseen. To contradict this 
opinion and to attach the man of Trinil to the race of Spy is 
to admit that it is a question always of the portion CD repre- 
senting without theory the species or genus Homo. Such was 
the former opinion of Turner and of Cunningham ; opinion 
which has been perhaps modified since the direct examination 
of the specimens under discussion. 

According to the contrary opinion, the P%thecanthropus 
represents one of those fossil human races that the theory fore- 
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saw, for it is morphologically intermediate, by its skull, 
between the lowest human races and the anthropoid type. A 
partisan of the theory of evolution has no repugnance to con- 
sidering that race as human and to saying “the man of Trinil,” 
since, according to the theory, the chain AD is necessarily un- 
interrupted. ‘Whatever be the names that we shall judge 
proper te give to the divers links of this chain, it will be a 
question always of man more or less inferior as far as the point 
where, the type of “ bipéde marcheur” disappearing, we shall 
emerge from the definite family of //ominide to enter into 
another branch of the genealogie tree of Man. 

If it is preferred to settle the question by saying that the 
skull of Trinil simply puts back the limit L beyond its present 
pusition, just as the skulls of Spy have extended this limit as 
regards the races of Europe: from what I have just said I 
should not see the slightest objection to that, since it seems to 
me this limit L is destined to be put back by successive degrees 
as far as to the level A. 

Theoretically it is highly probable that an anthropomor- 
phous species, evolving toward the human type, ought to have 
realized at first in the adult state the characters of superiority 
that it possessed transitorily in the young state before that evo- 
lution. The disappearance of these infantile characters of 
superiority results, as I have shown in a former memoir,* from 
the precocious arrest of development in the cerebral mantel, 
when the central and inferior encephalic region as well as the 
basilar region of the skull continue to grow, keeping pace with 
the general development of the body. The Pithecanthropus 
would represent then that inferior phase of human evolution 
in which the intellectual and cerebral improvement would 
have been just enough so that the development of the 
upper portion of the skull would not be left in arrears any 
more than it is in the young anthropoid compared to the basi- 
lar development correlative to the corporeal growth in general. 
Among the lowest existing human races, this stage of evolution 
is largely exceeded for the normal individual. The difference 
is yet greater for the average among European races. 

At any rate, the quality of precursor attributed by Mr. Du- 
bois to his Pithecanthropus reposes upon an ensemble of facts 
of consequence enough to merit the most serious attention. In 
addition, behind this hypothesis there arises another to the 
view of the evolutionist. It is quite natural to propose the 
question whether the precursor were not something more, that 
is to say an immediate ancestor ‘of man or of a part of the 
human species. 

* Sur les modif. du profil encéphalique et -— dans le passage 4 l’dge adulte, 
ete. (Bull. Soc. d’Anthr. de Bordeaux, T. 1, 1884 
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The hypothesis of a simple precursor can be accepted with- 
out repugnance independent of the doctrine of evolution. It 
simply places an intermediate species between anthropoid and 
man and contirms once more the adage: Watura non facit 
saltus. It reduces itself to a simple verification. In favor 
of this hypothesis there will be, on the one hand, all the 
arguments produced to demonstrate that it is a question of the 
anthropoid species, but veritably simian, until then unknown ; 
and on the other hand, all the arguments produced to demon- 
strate that it is a question of the human species. 

The hypothesis of a veritable ancestor will profit by all these 
arguments, for all will tend to establish the existence of an unin- 
terrupted chain. In insisting upon the simian characters we 
strengthen, voluntarily or not, the affiliation of the /?ithecan- 
thropus with monkeys; in insisting upon the human charac- 
ters, we render more probable the affiliation of the interme- 
diate species with the human. 

The scientific event due to the laborious researches of Mr. 
Eugene Dubois is of a nature to give joy to all friends of sci- 
ence, but it seems to be more particularly agreeable to evolu- 
tionists, that is to say, to those who desire and pretend to 
explain why natura non facit saltus. For these last, the ques- 
tion whether the Pithecanthropus ought to be classed with the 
genus //omo sapiens depends upon the value attached to 
the qualifying word sapiens, the value of which is already very 
relative. As to the question of species it is, for the evolution- 
ist, like the preceding, a simple question of degree of morpho- 
logic differentiation. 

It is none the less interesting to search for the particular 
simian genus to which would fall the honor of becoming 
founder of the human branch, in other words the known 
anthropoid genus to which is allied the intermediate P2thecan- 
thropus. 

Mr. Dubois has thought of the genus //y/obates (Gibbon) 
and the general opinion at present seems to accord with this 
view. All the appearances are in its favor, because of the rela- 
tively grand analogies which exist between the conformation 
of the gibbon and that of man.* 

The almost vertical attitude of the Gibbon corresponds to 
the very marked anatomic particularities which would render 
easy the human transformation. The conditions of this trans- 
formation, that is to say of the passage from the state of climber 
to that of “ marcheur bipéde,” ought to have been very im- 
perious, for it is difficult to believe that, without that, a race of 
climbers took spontaneously the initiative in renouncing a 
fi Broca: L’ordre des Primates (Bull. de la Soc. d’Anthr., T. iv, p. 228, 
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mode of locomotion in harmony with an adaptation instinctively 
and organically fixed. 

One hypothesis among others would be the destruction, 
more or less complete, of the forests on an island inhabited by 
anthropoids capable of taking, when necessary, the biped atti- 
tude. The ancient voleanoes of Java might have accomplished 
this destruction and have rendered necessary the adaptation to 
the upright position under pain of extinction of the race. 

It would be impossible to explain easily the disappearance of 
an anthropomorphous species as much superior to all others as 
was that of the individual from Trinil; for it was strongly 
built with a cerebrum superior to all known species of the order 
of Primates. It possessed, then, excellent chances of survival 
in the struggle for life. But, on the hypothesis here con- 
sidered, the species Pithecanthropus erectus would not have 
disappeared. Having become a human race, it could not 
remain at the same time a race anthropoid. If the Pithecan- 
thropus was only a simple precursor, it was superior enough to 
the other animals to survive unless the human species, spring- 
ing up all of a sudden, “from the clay of the earth,’ did not 
hasten to annihilate this dangerous competitor. But if the 
Pithecanthropus was an ancestor, its species lives yet in its 
human descendants. 

The difference between the Pithecanthropus and existing 
man is so small that there is no call to search for an intermedi- 
ate link. The link is sufficiently represented by the lowest of 
our savage races ; for example, the isolated human skulls, Aus- 
tralian and others, that have already been shown to be very 
little different in many respects from that of Trinil. 

Supposing that among several species of gibbon, Ga, Gy, 
Gz. this latter species evolved toward the human type and 
became finally, in assuming the upright position, the Pithecan- 
thropus erectus=H', then that it, by virtue of the multiple 
consequences of the upright position, became progressively H’, 
a stage corresponding to the lowest existing races, we obtain in 
simplifying : 

Gibbon x 
Gibbon y 
Gibbon z—H’ —(P.E.=H')—H?’. 


There ought to be then in the existing fauna a hiatus formed 
by the transformation of the gibbon z into H’, then of H’° into 
H’, so that, in this existing fauna, the species nearest to H°* 
ought to be a species very inferior, issue of gibbon @ or y. 
The gap here ought to be all the greater in that it is not only 
a question of a transformation such as that of one quadruped 
into another, conserving the generic characters of its ancestor ; 
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but of a transformation of the attitude even, that is to say of 
morphologic conditions entailing a radical change of type and, 
indirectly, of physio-psychologic modifications very profound. 
The existence of a hiatus between two related living species 
cannot then serve as argument against the theory of evolution. 
This hiatus, as we have just seen, may be, on the contrary, a 
direct result of the transformation of one species into another. 
Although the transformation here supposed has been very 
profound, enough so to give birth toa pretended new king- 
dom, “human kingdom,” that transformation could have been 
roduced, according to the above hypothesis, without compelling 
Team to make, in any sense, a leap. It may be possible, from 
a point of view purely zoétaxic, to establish a veritable sa/tus, 
but I have just shown that this saltus could have been the 
gradual consequence of a simple modification of habits of 
locomotion in a race of monkeys already capable of assuming 
the upright position. The motive for this change could have 
arisen abruptly, but there has been no anatomic leap from 
Gibbon z to existing man. That which can have been pro- 
duced abruptly is the exterior condition from which would 
have resulted, for an anthropoid race of climbers, the necessity 
of adopting habitually a mode of locomotion which it was 
already capable of utilizing occasionally. The only thing 
abrupt, from a biologic point of view, would have been a sim- 
ple increase in the frequency of the utilization of a functional 
aptitude already existing. Multiple and considerable anatomic 
modification may have been entailed by this change of the 
habitual attitude, but they ought to have been produced by 
insensible degrees and are all the less astonishing in that the 
anthropoids already approach much nearer to man than to 
monkeys proper in their general conformation (Huxley, 
Broca). 
If there is a gap between the existing human species and 
the precursor, the fossil remains of the intermediate races 
ought none the less to exist. There ought to be the remains 
of H°, of gibbon z and of Prothylobates. Will these last 
perhaps reveal a species remarkable in stature and in a rela- 
tively superior aptitude for the upright position? That is not 
necessary theoretically: the diverse species of the genus 
Hylobates have a conformation which enables them to assume 
the upright position with ease; the form may have undergone 
considerable variations after the transformation of the attitude. 
Finally, it is probable that the species gibbon 2 approached 
man in certain respects more than do known species of the 
genus Hylobates., 
However, if we admit that the pieces found at Trinil really 
represent the remains of a Pithecanthropus, and if it is admitted 
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that this was an ancestor of man, it is necessary to find now 
an ancestor to this Pithecanthropus, and it seems requisite 
that this ancestor be not inferior to existing anthropoids. It 
must have been capable of adopting, in case of need, the up- 
right position, and been led, by its conformation, to take that 
attitude rather than the quadruped attitude. Such would be 
certainly the case with all known anthropoids, all of which 
are veritable biped climbers. 

Let us recall here the existence in the Miocene epoch of 
several anthropoid species such as the Dryopithecus, the 
Pliopithecus, and the Anthropopithecus sivalensis. As Mr. 
Dubois has remarked, his species does not lack for ancestry. 

The transformation of the habitual mode of locomotion may 
have been very rapid, but the consecutive, morphologic trans- 
formations must have demanded much time and cannot have 
been fixed hereditarily until after a certain number of genera- 
tions—hundreds perhaps, and perhaps many less, for selection 
under the conditions indicated above may have been very 
active; the two sexes must have contributed actively to the 
progression, and the young must have imitated their parents 
with an ever-increasing facility. As regards the direct mor- 
phologie consequences of the change of attitude, we may 
suppose they were produced with great rapidity, if we are to 
judge from the multiple skeletal variations caused in man 
under the influence of the minimum of functional variations 
compared with those with which we have to do here. 

As regards cerebral increase, it proceeds with such slowness 
that we can scarcely affirm the fact has been established at all 
for our European races since prehistoric times. But the cra- 
nial capacity of the Pithecanthropus surpassed by about 300 
grams that of the largest gorillas. It surpassed by at least as 
much that of its ancestor gibbon 2, if this latter was of the 
same stature as the Lithecanthropus. There is here an enor- 
mous difference, greater than that between the average for our 
lowest and the average for our highest existing human races. 
It is not, however, embarrassing for the hypothesis under dis- 
cussion. 

We must consider, in fact, that the human species has never 
realized, since the beginning of its existence, a progress com- 
parable to that represented by the passage from the state of 
climber to the state of “marcheur bipéde.” This passage 
represents a veritable liberation of the superior members, the 
hands, previously employed as organs of locomotion the same 
as the feet. It is by the mode of locomotion of the climber 
that the hand became, little by little, apt for the function of 
prehension, then for the function of manipulation, and it is by 
virtue of the complete emancipation here: supposed of the 
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superior member with reference to locomotion that the fune- 
tions of prehension and of manipulation of the hand have 
been able to acquire adaptations the most varied. The per- 
fecting of the tactile sense must have been an immediate 
result of this emancipation. This result must have involved 
the acquisition of a multitude of new notions suggesting new 
movements, new actions. From that, the multiplication of the 
movements of the fingers and of their combinations, the in- 
crease in manual skill and all the psychologic consequences, 
reacting the one upon the other, which must have been pro- 
duced necessarily, by increase, in variety and complexity, of 
newly acquired motive and sensorial representations. On this 
subject, I could not do better than to refer the reader to the 
beautiful pages devoted by Herbert Spencer to the parallelism 
of the sensorial and motor improvement in the animal series 
together with the intellectual improvement.* 

It is impossible to say, even approximately, to what augmen- 
tation of cerebral weight the transformation in question may 
correspond, but there are grounds for believing that this aug- 
mentation must have been considerable, all the more so since 
the intellectual growth in question must have influenced simul- 
taneously the sensorial and motive manifestations, and the 
order of sensations the psychologic importance of which is 
extreme, and the order of movements (the movements of the 
fingers) very numerous and which we know to be of great 
help in the function of expression. This function is perhaps 
the most important to be considered here, because its progress 
reacts in a capital manner upon intellectual and social develop- 
ment. It may have been noticed, among divers savage peoples, 
how much the language by gesture makes up for the imperfec- 
tions of the spoken language; it is then allowable to suppose 
that the movements of the hands and of the fingers figured 
largely among the primitive means of expression of Pliocene 
man. 

I do not believe it is possible to cite any ulterior cause of 
psychologic progress and of increase in brain weight compara- 
ble to the emancipation of the superior members with which 
we have just been occupied. The perfecting of articulate 
language must have been consequently the principal factor 
supervening in the psychologic and cerebral progress, to which 
would be due the superiority of the lowest existing races over 
the Pithecanthropus. 

The quantitative cerebral progression has been accompanied 
by an improvement in the general form of the brain. This 
improvement is already perceptible in the Pithecanthropus 
according to the general form of the skull; it seems, however, 


* H. Spencer, Principles of Psychology, vol. i. 
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to have been about parallel to the quantitative progress from 
the anthropoid precursor to civilized man. But it is not possi- 
ble to introduce here this very complex question with the neces- 
sary developments. 

It would not be absurd to try upon the gibbon an experi- 
ment conformable to our hypotheses. Without going so far 
as to wish to reproduce the formation of a new Pithecanthro- 
pus, we might attempt to picture what would happen to the 
attitude in placing the gibbon under conditions favorable to the 
transformation of its habits of locomotion. 

As an intermediate form between man and monkeys, it is 
difficult to image anything more satisfactory than the skull of 
Trinil. If this skull, as is probable, is not exceptional for its 
race, we can count upon finding other specimens approaching 
still more nearly, either to man or to the monkey. But what 
the race of Trinil has not yet furnished, have not the lowest 
human races furnished in abundance? Do there not exist 
human crania, inferior compared with the average of their 

_race, which show to us all the transitions theoretically desirable 
between man and the P%thecanthropus? All the inferior 
human crania which it would be possible to show as approach- 
ing the form of Trinil by certain characters would make up 
very weil for the absence of the better specimens of the race 
Prithecanthropus. But it will be difficult to find, among 
normal human skulls, specimens as pithecoid as that of Trinil. 
We see frequently in a race such and such individual charac- 
ters recalling an ancestral type, for it is easier to descend than 
to ascend in matters of evolution; but the pathologic arrests 
of development supervening during the embryonic stage only 
are capable of giving rise toa whole ensemble of characters 
recalling a remote phase of phylogenic evolution. Microceph- 
alous idiots only, even among the lowest human races, pre- 
sent such an ensemble of characters which come to realize a 
morphologic type inferior to that of Pithecanthropus itself. 

The distance existing between the Pithecanthropus and 
normal man must be considered as a necessary result from the 
point of view of evolution. It is the superior portion of the 
intermediate race which can have survived and formed an 
inferior human race. This latter must then present characters 
superior to the average of its ancestors, even independently of 
the progress that this human race can have realized since the 
Pliocene epoch. The existence of human crania presenting 
at once the ensemble of the cranial characters of Pithecan- 
thropus has not yet been demonstrated, unless we take into 
account the microcephaly more or less accentuated, that is to 
say, a veritable anomaly by arrest of development. But we 
cannot represent a race by an abnormal ‘skull, and it will be 
noted in the present instance that the resemblance existing 
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between human skulls more or less affected by microcephaly 
and the skull of Trinil would not contradict the hypothesis 
according to which this last would represent an ancestral race. 
This resemblance, on the contrary, would be perfectly con- 
formable to the theory of evolution, and it exists. Without 
going beyond civilized races, we know that complete micro- 
cephaly carries man back to a level with the monkeys. It is 
then solely the poverty of our collections which has kept us 
from finding, among the lowest human races, skulls as_pithe- 
coid as that of Trini]. The skulls presented by Sir W. Turner, 
in his interesting memoir on the subject, approach it only 
partially. It is the same with the Sambaqui skull which Pro- 
fessor A. Nehring of Berlin has just confronted with that of 
Trinil.* 

Crania approaching more nearly to that from Trinil under 
the double aspect of form and of capacity will certainly be 
found, but they will be crania very inferior to the average 
of their race; they will be the microcephalous, the abnormals. 

Nothing would better serve to show that the species of 
Pithecanthropus and the human species penetrate into each 
other and are mutually bound together. The bond would 
be still more complete if we should find some day, by virtue 
of inverse operation, a whole fossil series of the race /’7the- 
canthropus erectus, of which the superior extremity would 
accord morphologically with the average of our lowest races. 

To invalidate the legitimate and probable hypothesis of Mr. 
Dubois, it would be necessary to show that the skull of Trinil 
is a simple monstrosity without ethnologic signification. This 
chance would be mathematically possible, since the race of 
Trinil must have had, as others, its microcephalous individuals ; 
and it is for that reason that the opinion opposed to that of 
Mr. Dubois can pride itself, until there has been further inves- 
tigation, in one possibility as against thousands of contrary 
possibilities. The improbability of a case of submicrocephaly 
coincident with a stature at least medium seems to me still 
greater since I have seen the two molars of Trinil, for teeth 
too large and too long for a normally developed savage would 
attest, in case of human microcephaly, one more singularity ; a 
microcephaly which would have exaggerated, not only the 
volume of the teeth with reference to the skull, but also the 
absolute volume of the teeth beyond the ethnic maximum. 

The hypothesis of a case of microcephaly being cast aside, 
two others remain. 

Ist. During the Pliocene epoch, there lived in Java a 
human race intermediate between the lowest of known races 
and anthropoids. 


* Ein Pithecanthropus-ihnlicher Menschenschiadel, ete. (Naturwissenschaft- 
liche Wochensehrift, 17, Nov. 1895.) 
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2d. During the Pliocene epoch, there lived in Java an 
anthropoid race possessing the “ marche bipéde,” and inter- 
mediate, in cerebral development, between the highest forms 
of known monkeys and the human species. 

We may fuse these two hypotheses into one, from the point 
of view of the theory of evolution, that is to say, we may con- 
sider with great probability the race in question not only as a 
race precursor for the human species, but also as a race ances- 
tral, as the commencement of humanity. 

That there is in all this much hypothesis, I do not deny. But 
the attributing of the pieces from Trinil to two or three 
unknown species closely resembling man, or to a single abnor- 
mal specimen of the human species, that is, also, merely hypoth- 
esis. 

Then, since we are obliged to have recourse, in any case, to 
a hypothesis, we have to ask which one is the most suitable, 
not only to explain the facts directly on trial, but also to clear 
up this question henceforth thrust imperiously before us for 
examination, namely, what can have been the human species 
during the Pliocene and how can it have originated? In the 
presence of the discovery of Mr. Dubois, it is advisable to 
examine the question in its entirety. 

The question does not admit of a mathematical demonstra- 
tion, but there can be a degree of probability great enough to 
carry with it conviction. To admit as true, until there is proof 
to the contrary, a hypothesis which answers to a great number 
of facts without being contradicted by any, is to act in accord- 
ance with the scientific spirit. It has often been said that 
science does not consist in a heap, but in a chain, of facts. To 
discover this chain, hypothesis plays a necessary role. Certain 
zoologists suppose that the human species has had no ancestors. 
If this hypothesis, of which the probability is not of the first 
order, seems to them to be scientific and fruitful, the opposite 
hypothesis can boast of titles to belief at least equal, in our 
opinion. And if the human species did not appear by spon- 
taneous generation,—if, on the other hand, the cranial characters 
of Quaternary man found in Europe represented a phase of 
evolution very little removed from the existing phase, there is 
cause for believing that there would be found in Pliocene deposits 
a race morphologically inferior to that of Neanderthal and of 
Spy. But this is precisely what has happened. The anthro- 
gee human race, if you choose to call it so, found by 

r. Dubois, presents characters such that it may have resulted 
directly and progressively from the transformation of a race of 
anthropoid climbers. Under these conditions, if the doubt 
on the subject of the simian origin of Man is only proportion- 
ate to the reasons of a scientific order capable of giving rise to 
it, it seems to me it must be a very slender doubt. 
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Art. XXV.—The Titration of Sodium Thiosulphate with 
Lodic Acid; by CLAUDE F. WALKER. 


{Contributions from the Kent Chemical Laboratory of Yale University—LXV.] 


THIS investigation was undertaken to determine the nature 
and limitations of the reaction between iodic acid and thiosul- 
phuric acid, and to show the expediency of employing iodic 
acid in standard solution for the direct ‘titration of sodium 
thiosulphate. Riegler* states that iodic acid is readily obtained 
in the pure state, that it may be accurately weighed out, and 
that a solution of it may be exactly made up to a desired 
strength and kept for a long time unaltered. He further states 
that when a solution of sodium thiosulphate is titrated with 
iodic acid the reaction takes place according to the equation, 


6Na,S,0, +6HIO,=3Na,S,0, +5Nal0, + Nal +3H,0, 


under which circumstances no free iodine will be evolved until 
all the sodium thiosulphate has been oxidized to tetrathionate ; 
the first drop of iodic acid in excess, however, will react with 
the sodium iodide that has been formed, and separate iodine, 
as shown by the equation, 


5Nal+6HIO,=5Nal0, +3H,0 +31,, 


thus furnishing an accurate means for determining the end 
point. 

A careful repetition of the work of Riegler has shown that 
his conclusions are in a large measure erroneous. Thus, it has 
been found that the ordinary “chemically pure” iodic acid, 
purchased from reliable manufacturers, is likely to contain 
more than the theoretical amount of iodine, due probably to 
the presence of the anhydride, although iodie acid can be 
safely employed for standardizing when it is made in the 
laboratory by dissolving the purified anhydride, crystallizing 
out the acid, and drying over sulphuric acid. Such a carefully 
prepared product, if used immediately, will be found to con- 
tain the theoretical amount of iodine. Riegler’s proposed 
method of titration depends on two different reactions, and to 
insure the accuracy of the process these must be definite, com- 

lete and non-reversible under the conditions of analysis. 

hus one molecule out of every six of iodic acid should be 
reduced by six molecules of thiosulphate, with the formation 
of a neutral mixture of iodide and iodate, free from other 
oxidizing or reducing substances. Under these circumstances 
it might be expected that iodine will be liberated by the first 
trace of iodic acid in excess. It has been found by investiga- 


* Riegier, Zeit. fir Analyt. Chem., xxxv, 308. 
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tion, however, that although the main reaction between iodic 
acid and sodium thiosulphate may result in the formation of 
sodium tetrathionate in the proportions given, there is never- 
theless striking evidence of some other obscure action of the 
thiosulphate, which influences the reduction of the iodic acid 
in such a way as to make it impossible to calculate the analyses 
according to Riegler’s reaction. Moreover, a peculiar “ after- 
coloration” which invariably follows the first formation of the 
starch blue during the titration of one solution against the 
other, seems to point to the possibility that the reaction between 
the iodide and iodic acid is dependent, under these cirecum- 
stances, on conditions of time and mass for its completeness. 
It is not impossible that some third compound of iodine, 
unstable in its nature, may be formed as an intermediate 
product and thus delay the liberation of iodine. In considera- 
tion of the results that have been obtained it appears that 
Riegler’s proposed process for standardizing sodium thiosul- 
phate, as well as his related method for the analysis of iodides,* 
must remain impracticable unless they can be modified so as 
to do away with a number of sources of error. 

The analyses of solutions of iodic acid, during the entire 
course of the work, was invariably performed by adding to 
the portion of the solution to be analyzed an excess of potas- 
sium iodide, acidifying with 5™* of dilute (1 : 3) sulphuric acid, 
and recovering the liberated iodine by directly titrating the 
acid solution with sodium thiosulphate, or by neutralizing with 
seg bicarbonate in excess, and directly titrating the alka- 
ine solution with arsenious acid. In the latter case the neu- 
tralization was performed in a trapped Drexel washing bottle 
such as has been described in connection with the analysis of 
iodides.+ In either case one-sixth of the iodine recovered was 
calculated to iodic acid, according to the terms of the equation, 


5HI+HIO, = 31, +3H,0. 


It follows from these proportions that to bring the analyses 
within the range of the decinormal solutions ordinarily 
employed, the iodic acid taken for analysis must be restricted 
to comparatively small amounts. In the present work it was 
found convenient to analyze the iodic acid in quantities not 
much exceeding one-tenth of a gram, in which case the varia- 
tion in the results in the same series is found to be almost inap- 
preciable. In both variations of the process one or two blank 
analyses were invariably made, by performing the operation as 
detailed, except that no iodic acid was employed, and the cor- 
rection of one drop of iodine thereby shown to be necessary to 


* Reigler, Zeitschr fiir Analyt. Chem., xxxv, 305. 
+Gooch and Walker, this Journal, iii, 293. 
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bring out the starch blue was uniformly applied in the ana- 
lytical work. 

To determine whether or not the purity of the ordinary iodic 
acid is sufficient to admit of its direct application in standard 
solutions, a series of experiments was made. Two different 
samples of “chemically pure” iodic acid were used. The 
first was in coarse granular crystals, and the second was in the 
form of fine powder. Quantities of both of these were dried 
in a dessicator over sulphuric acid to constant weight. Neither 
sample lost weight appreciably when left for a considerable 
time on the scale pan. <A third sample of iodic acid was pre- 
pared by dissolving a quantity of the purest obtainable iodic 
anhydride in water, and evaporating at ordinary temperature. 
The resulting crystalline mass was dried over sulphuric acid in 
a dessicator for one week, until it ceased to lose weight, when 
it was presumed to consist of the pure normal acid. Two pre- 
sumably decinormal solutions of each of the first two samples, 
and one such solution of the third sample of iodic acid were 
made by weighing out 17°585 grms. and dissolving in exactly 
one liter of water at 15° C. Convenient portions of each of 
these solutions were analyzed in the manner described, with 
results shown in the following table, averaged from many 
determinations. 


Taste I, 
Analyses of Approximately Lodie Acid. 
Solution Sample HIO, taken. HIO; found. Error. 
analyzed. used, grm. grm. grm. 
I A 0°1055 0°1066 070011 + 
II A 0°1055 0°1062 0°0007 + 
III B 0°1055 0°1065 0°0010+ 
IV B 0°1055 0°1073 0°0018 + 
V C 0°1055 0°1053 0°0002 — 


These results show that while the deviation from the theo- 
retical strength of the solution in the case of the acid prepared 
from the anhydride is hardly appreciable, and will not affect 
the accuracy of any work in which the solution may be applied 
as a means of standardization, the solutions made from the 
purchased product, on the other hand, contain a very appre- 
ciable amount of iodine in excess of the theoretical. That 
iodic acid is somewhat unstable at 30-40° C., gradually losing 
water with the formation of the anhydride,* is well known, and 
it is quite possible that to some such gradual change as this 
must be attributed the fact that the ordinary iodic acid cannot 


* Dammer, Anorganische Chemie, i, 564. 
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be safely employed as a means of standardization unless its 
purity be direct! y determined by analysis. 

To determine whether a solution of iodie acid, once pre- 
pared and standardized, will retain its — for a long 
period of time, two such solutions were kept for four months 
(in the dark) and then again analyzed. The results (averages 
of several determinations), given in Table II, substantiate the 
observation of Riegler that a solution of iodic acid will remain 
of constant strength. 


Taste II. 
Constancy of Strength of Iodic Acid Solutions. 


Second analysis. 


First analysis. (after four months) 
Iodic acid HIO, found. HIO; found. Variation. 
Solution. grm. grm. grin. 
I 0°1073 0°1072 0°0001— 
II 0°1049 0°1046 0:0003 — 


An approximately one-twentieth normal solution of “ chem- 
ically pure” sodium thiosulphate was made and its exact 
strength ascertained by titrating it with standardized iodine. 
A series of analyses made by oxidizing the sudium thiosul- 
phate to sulphate, and precipitating and weighing as barium 
sulphate, gave results identical with those obtained with iodine, 
proving that all the sulphur present in the solution was in the 
form of thiosulphate. According to Riegler’s equation, sodium 
thiosulphate and iodic acid react molecule for molecule, and 
solutions of these substances should therefore require for their 
mutual saturation volumes inversely proportional to their con- 
centration. It was found, however, that when the one-twen- 
tieth normal solution of sodium thiosulphate that has been 
described was titrated in the presence of starch emulsion with 
an approximately decinormal solution of iodie acid, prepared 
from the anhydride, a distinctly blue color was produced long 
before the theoretical amount of iodie acid had been added. 
It was further noticed that the end-point of the reaction was 
far from distinct, a faint tinge of blue at first being visible, 
then suddenly becoming deeper, and immediately reappearing 
when bleached with sodium thiosulphate. The deficiency in 
the amount of iodic acid actually required to produce the blue 
color was not lessened by titrating only three-fourths of the 
theoretical amount of iodic acid, and estimating the residual 
thiosulphate with iodine. It was found, however, that the 
addition of a considerable quantity of potassium iodide to the 
solution, either before or during the titration, had the marked 
effect of making the reaction sharp and distinct, entirely pre- 
venting the “after separation” of iodine, at the same time 
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postponing the appearance of the starch blue until a quantity 
of iodic acid had been added considerably in excess of the 
theoretical. These experiments were executed with entirely 
different reagents, and under varied conditions of concentra- 
tion, the results in every case exactly confirming those already 
observed. 

For the purpose of more particularly investigating this sub- 
ject, there were prepared and standardized an approximately 
decinormal solution of sodium thiosulphate, and an approxi- 
mately one-fiftieth normal solution of iodie acid. Measured 
portions of the sodium thiosulphate solution were titrated with 
the iodic acid in the presence of starch emulsion under vary- 
ing conditions of mass, time and dilution. 

o determine the variability of the end-point of the reaction 
when the titration was conducted as directed by Riegler, a 
series of experiments was made. Measured amounts of the 
sodium thiosulphate solution were drawn from a burette into 
an Erlenmeyer beaker of suitable capacity, the sides of the 
beaker were carefully washed down with a small amount of 
water, 5° of starch emulsion were added, and the iodie acid 
was slowly dropped into the small bulk of acid and starch, with 
constant agitation of the mixture, until the first tint of blue 
coloration appeared. The results obtained are given in Table 
III. 

TasceE III. 


Variation of the End Reaction between — Sodium Thiosulphate 
and = Lodie Acid, in the absence of Potassium Iodide. 


NagS20z3 taken. HIOs; introduced. Mean value. Variation. 

cm*, cm*, em’, 
1) 6 28°13 ) 0°19— 
( 2) 6 27°79 | 0°53— 
( 3) 6 28°03 0°29— 

( 4) 6 28°32 | . 0°00 

( 5) 6 28°32 0°00 
6) 6 28°71 |! 0°39 + 
7) 6 28°83 | 031+ 
( 8) 6 28°43 
( 9) + 18°94 0°26 + 
10) 4 18°67 | 
4 1850 0-18— 
(12) 4 18°60 J 0°08 — 


These experiments indicate that the constancy of the end 
reaction in different titrations of equal volumes of the same 
solution depends to a certain degree on the volume of sodium 
thiosulphate taken. The results in the case of the maximum 
amounts vary within a range of 1:04™, which corresponds to 
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0°0035 grm. of iodic acid, while the average variation is 0:25°™, 
corresponding to 0:0009 grm. The variation in the analyses of 
the smaller amounts is less, the range being 0°44°™*, correspond- 
ing to 0:0015 grm., and the average variation being 0°13™, or 
00005 grm. The probable error which these irregularities 
would introduce in any series of practical analyses by this 
method is obviously greater than can ordinarily be permitted 
in iodometric work. 

The experiments detailed in Table IV were performed 
exactly similarly to those of the last series except that two 
grams of potassium iodide were added to the sodium thiosul- 
phate before the titration was commenced. 


IV. 


Variation of the End Reaction between — Sodium Thiosulphate 

and — Iodie Acid, in the presence of Potassium Iodide. 


Na.S.0;3 taken, HIO; introduced. Mean value. Variation. 

cm}, cm}, 

( 1) 6 32°53 0°05 + 
( 2) 6 32°45 0°03 — 
3) 6 32°67 | 0719+ 
4) 6 32°37 oll — 
( 5) 6 32°36 | 0712— 
( 6) 6 32°50 0°02 + 
( 7) 4 22°30 O-ll+ 
8) 4 21°98 | 0°21— 
9) 4 22°17 22°19 0°02 — 
(10) 4 22°30 J Orll+ 


These experiments indicate plainly that in the presence of 
potassium iodide the end reaction of different titrations of 
equal volumes of the same solution is practically independent 
of the amount taken for analysis. The results in the case of 
the maximum amounts vary within a range of 0°31°™, or 
0°0011 grm. of iodie acid, while the average variation is 0°09™, 
corresponding to 0°0003 grm. The variation in the analyses of 
the smaller amounts is practically the same as that of the larger, 
the range being 0°32™*, corresponding to 00011 grm., and the 
average variation being 0°11°™’, or 0°0004 grm. It is therefore 
evident that the presence of potassium iodide in the sodium 
thiosulphate to be titrated will bring the variation of the forma- 
tion of the reading tint within permissible limits. 

A series of experiments was made to determine the nature 
and effect of the “after coloration” observed to take place 
when a solution of sodium thiosulphate, free from potassium 
iodide, was titrated with iodic acid to blue coloration, and then 
bleached with sodium thiosulphate. The titrations were per- 


Thiosulphate with Iodic Acid. 241 


formed in the usual manner except that the volume was 
adjusted just before the addition of the iodic acid, and the 
iodine that was set free after the formation of the first reading 
tint was destroyed at fixed intervals with measured amounts of 
sodium thiosulphate. The results are given in Table V. 


TABLE V. 


Effect of Dilution and Lapse of Time on the “ After Coloration.” 
Na.S.0; HIO; 


taken. introduced. Na.S,.0; introduced. Volume. 
cm, cem*. em’, 
lh. 2h 
15min. 45min. 45min. 45min. 20h. Total. 

( 1) 6 27°68 0°25 0°13 0-08 000 003 0°49 50 
( 2) 6 27°70 0:20 0°10 0°03 0°03 0°03 0°39 50 
( 3) 6 28°17 0°16 0°10 0°03 001 none. 0°30 50 
( 4) 6 27°03 0°60 0°26 0°09 003 none. 0°98 150 
( 5) 6 27°60 0°93 0:28 0 06 0°04 0°04 1°35 150 
( 6) 6 28°60 1°34 0:46 O17 0°03 014 2714 200 
( 7) 6 28°85 1°20 0:50 0°28 006 027 2°31 200 
( 8) 6 31°63 1°46 0°74 0°10 0-21 0°23 2°74 250 
( 9) 6 29°90 1°04 0 60 0°23 0°15 0°46 2°48 250 
(10) 6 36°09 1°60 1°23 0°63 0°34 018 3°98 300 
(11) 6 37°59 1°65 1°33 0°72 0°27 010 407 300 
(12 6 37°23 1:92 1°05 0°64 0°33 ad 300 


In the experiments with small volumes the evolution of 
iodine in any considerable quantity ceased after two or three 
hours, although the solution would become recolored as often 
as it was bleached for a number of days. The traces of iodine 
thus set free, however, were seldom equivalent to more than 
one or two drops of sodium thiosulphate. The larger volumes, 
however, continued to separate iodine in abundance for a very 
long time. The amount of iodine thus liberated after the first 
coloration evidently varies with the amount of iodic acid 
a“ for the titration, although not strictly proportional to 

Both of these quantities increase at a regular rate with the 
ide of the solution. 

To show with what accuracy the reaction between sodium 
thiosulphate and iodie acid may be applied to the direct esti- 
mation of one of these substances by the other, the averaged 
results of a large number of titrations are compared in Table 
VI. The operations were conducted as directed by Riegler, 
equal measured volumes of standardized sodium thiosul phate 
being titrated with iodic acid of known strength, in the 
presence of starch and under different conditions of time, 
dilution and mass, the volume of iodic acid required to pro- 
duce the blue coloration being in each case compared with the 
volume theoretically required by the terms of Riegler’s equation. 


* No observation. 
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Taste VI. 
Titration of x Sodium Thiosulphate with x, Dodie Acid. 
HIO; 

Na.S.03 HIOs required KI 
taken. introduced, by theory. Error. Error. present. Volume. 
em, em’, em’, percent. grm 
( 1) + ( 18°68 20°32 164— 80—- — 50 
( 2) 6 28°32 30°48 216— 70— -— 50 
( 3) 6 27°32 30°48 316— 70— _ 150 
( 4) 6 * | 28°73 30°48 175— 60-—- — 200 
6 30°77 30°48 0°29+ — 250 
( 6 36°97 30°48 21°0+ 300 
(7 6 ( 27°46 3048 302— 100- — 50 
( 8) 6 | 26°15 30°48 4°33— 14°0— — 150 
( 9) 6 t { 26°50 30°48 398— 130— — 200 
(10) 6 | 27°16 30°48 3°32— 10°0— _ 250 
(11) 6 | 32°93 30°48 2454+ 80+ — 300 
(12) 4 « § 22°19 2032 187+ 90+ 0°2 50 
(13) 6 | 32°48 30°48 200+ 7°0+ 0°2 50 


These results show plainly that the amount of iodic acid 
required to decompose a given amount of sodium thiosulphate 
may be considerably above or below that required by the terms 
of Riegler’s equation. Thus, with small volumes, and in the 
absence of potassium iodide, the thiosulphate is destroyed and 
the separation of iodine commences when only 93 per cent of 
the theoretical amount of acid has been titrated. At higher 
dilutions the action is retarded, so that at 250™* very nearly the 
theoretical amount of acid is required to produce the first blue 
color, and at 300° an excess of 21 per cent over the theoreti- 
cal amount must be added. If the “after separation ” of iodine 
is considered to be a measure of the excess of iodic acid, and if 
its amount is accordingly applied as a correction, it appears 
that for all volumes below 300° the original thiosulphate is 
completely destroyed when about 90 per cent of the theoretical 
amount of iodic acid has been added. The presence of potas- 
sium iodide in the system retards the action, so that at small 
volumes an excess of about 8 per cent of iodic acid must be 
added to completely destroy the thiosulphate and commence 
the separation of iodine. It is obvious from the preceding 
experiments that the reaction between iodic acid and sodium 
thiosulphate is so indefinite in its nature, and so dependent for 
its completeness on conditions of time, dilution and mass, that 
its direct application as a means of standardizing solutions 
must remain impracticable. : 

The author is indebted to Professor F. A. Gooch for many. 
valuable suggestions during the course of this investigation. 

* HIO, added to first blue color. 


+ Calculated by subtracting from the amount of iodic acid originally titrated, 
the volume of thiosulphate of equal strength required to bleach the solution 


after standing twenty hours, 
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Art. XXVI.—Solarization effects in Réntgen Ray Photo- 
graphs ; by Wa. LisPpENARD Ross. (With Plates VIII-X.) 


[r has long been well known, that in photographing with 
ordinary light, in cases of over-exposure, the picture upon 
development may be a positive instead of a negative. This 
phenomenon is known as solarization, as it is usually produced 
by over-exposure in strong sunlight. Also, in case of over- 
exposures not sufficiently long to produce a reversal of the 
image, the photographic plate may be so affected as to prevent 
satisfactory development. 

Some experiments that I have recently made show that sim- 
ilar effects are produced by the Roéntgen rays, and that they 
have a very important bearing upon the distinctness of photo- 
graphs taken with these rays, and offer a very simple explana- 
tion of the halos that so often appear in such photographs. 

The following apparatus was used in these experiments: 
The induction coil used was a “Thompson Inductorium ” as 
manufactured by the General Electric Co., except that a rotary 
break was substituted for the one furnished with the coil. The 
rotary break consisted of a solid brass ring 25°” in diameter 
and 5™ thick. Two slate quadrants, 2°5™ thick, were counter- 
sunk in the ring. Two copper brushes were arranged so that 
one was always in contact with the brass and the other alter- 
nately with the brass and slate sectors. The ring was mounted 
on the shaft of a 1h. p. motor, making 1800 revolutions per 
minute, and consequently the primary circuit of the induction 
coil was made and broken 3600 times per minute. A con- 
denser having a capacity of six microfarads was connected 
with the two brushes. This was the largest condenser available ; 
and it was found that the sparking at the brush, where the cir- 
cuit was alternately made and broken, was very great, being 
sufficient to cause great unsteadiness in the illumination of the 
screen of a fluoroscope. A very simple method was found for 
overcoming this unsteadiness. A third brush made of mica 
was placed so as to be in contact with the break and to form 
an obtuse angle with the brush at which the sparking occurred. 
This additional brush prevented the sparking ; and after it was 
adopted, the illumination of the fluorescent screen was entirely 
free from flickering. The current in the primary was adjusted 
in the following experiments so that the coil would give a 
spark 25 long. Single focus vacuum tubes were used. The 
tubes were spherical in form, about 14™ in diameter, and the 
distance between the anode and cathode was about 8. The 
tubes used were made by Green & Bauer of Hartford, Con- 
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necticut, and by the General Electric Co. at their lamp works 
at Harrison, N. J. In the absence of any exact method of 
expressing for any given set of apparatus its power of produc- 
ing Roéntgen rays, the statement that the photograph of a por- 
tion of a hand reproduced in Plate VIII, fig. 1, was taken with 
the apparatus just described, will serve to show its character. 
The time of exposure was 5 seconds and the distance of the 
hand from the anode 25. 

Solarization effects were first noticed by the author in connec- 
tion with the halos surrounding the Rontgen ray photographs 
of pieces of metal. These halos were in general similar to 
that shown in Plate VIII, fig. 2, which is a reproduction of 
the photograph of an aluminum cube, the edge of which was 
25. Surrounding the portion of the photographic plate 
directly under the cube is a band in which the plate was some- 
what affected by the rays. Just outside of this first band is a 
second one, in which the effect upon the photographic plate 
was greater than upon any other part of the plate. This halo 
is easily explained when we consider that in a single focus tube 
the Réntgen rays come from a considerable area of the anode 
and that consequently the shadow of the object is surrounded 
by a penumbra in which the intensity of the radiation increases 
from the object outward. If the exposure is sufficient to pro- 
duce solarization, we should have a band in the penumbra 
where the effect upon the photographic plate would be a 
maximum exceeding even the effect upon the part of the plate 
entirely beyond the shadow. The photograph reproduced in 
Plate VIII, fig. 2, was taken with fifteen minutes’ exposure at 
a distance of 15°. 

The experiment was repeated with cubes of iron, copper, 
parafiin, and glass, all of which gave similar halos. In general, 
the image on the photographic plate was visible to the eye 
before being placed in the developer—a phenomenon that 
accompanies solarization when produced by ordinary light. 

The following experiments were. made in order to prove the 
correctness of the above explanation and to demonstrate the 
possibility of a photographie plate becoming solarized by the 
Rontgen rays. 

Portions of several plates were covered with pieces of com- 
mercial tinfoil and then exposed in succession for different 
times to the action of the Réntgen rays. It was found that with 
short exposures a negative was obtained, and with long expo- 
sures the image was reversed ; the long exposed plates giving a 
positive when developed. Plate IX, figs. land 2, and Plate X, 
fig. 1, are reproductions of photographs obtained when a por- 
tion of the photographic plate was covered with one layer of 
commercial tinfoil about 5™ square and.0:0015™ thick, and 


Am. Jour. Sci., Vol. IV, 1897. Plate VIII. 


— | 
| 
| l. 
| 
= 
3 
. 
a 
: 
| 
| 
= 
| 
| 
\ 
| 
| | 3 
| 9 
| 
= 
d 
; 
| 
4 


Am. Jour. Sci., Vol. IV, 1897. Plate 


4 
4 
2 = | 

9 


Am. Jour. Sci., Vol. IV, 1897. Plate X. 


| | 
| 
A 
| 
3. 
4 \ 
f 
f 
} 
| 
\ | 
‘ | 
| 


Réntgen Ray Photographs. 245 


the central portion of this layer was covered with thirty-two 
additional layers of the same foil about 2°8° square. Plate 
IX, fig. 1, shows the result when the plate was exposed for 2°5 
minutes; fig. 2, when exposed for 5 minutes, and Plate X, 
fig. 1, when exposed for 15 minutes. These photographs 
show that with a short exposure, the portion of the plate 
covered with a single layer of tinfoil was less affected than the 
uncovered portion of the plate. When the time of exposure 
was increased, the shadow of the single layer of tinfoil would 
only be noticed on the negative by careful inspection, and 
might easily escape detection. In the case of the longest expos- 
ure, where the portion of the plate covered with the single 
layer of the tinfoil is most affected, we have a reversal of the 
image and a clear case of solarization. . 

Experiments were also made with photographic plates par- 
tially covered with an aluminum cone having an altitude of 
1:25 and a base 5™ in diameter. When the exposure was 
short, the uncovered portion of the plate was most affected. 
When the plate was placed at a distance of 15° and exposed for 
5 minutes, the effect reproduced in Plate X, fig. 2, was obtained. 
In this case, the portion of the plate under the edge of the cone 
was most affected. When the time of exposure was increased 
to 15 minutes, all of the plate covered by the cone was affected 
more than the uncovered portion, and again we have a rever- 
sal of the image and a clear case of solarization. 

Seed, Kramer crown, and Carbutts’ special X-ray plates, and 
various developers were tried and found to give similar results. 
Carbutts’ X-ray plates and Carbutts’ tabloids for dev eloper 
were used in making the photographs for the accompanying 
illustrations. 

These experiments seem to prove conclusively the possibility 
of photographic plates becoming solarized by Réntgen rays. 
This is interesting as adding one more to the properties 
possessed in common by these rays and ordinary light. Solari- 
zation offers a simple explanation of many of the halo effects 
observed in Réntgen ray photographs. The most important 
conclusion to be derived from these experiments is the neces- 
sity of carefully timing exposures if we are to obtain good con- 
trasts, much of the indistinctness in Réntgen ray photographs 
being due to over-exposure rather than to under-exposure. 

I desire to express my obligation to Columbia University 
for the very material assistance given me in carrying on these 
experiments by placing at my disposal the income of the 
Barnard Fellowship. 


Jarvis Physigal Laboratory, Trinity College, 
Hartford, Conn., July 24th, 1897. 
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Art. XX VII.— The Cape Fairweather Beds; a new marine 
Tertiary Horizon im Southern Patagonia; by J. B. 
HATCHER. 


In July, 1896, the writer discovered near Cape Fairweather, 
in south latitude about 51° 31’, a series of marine beds with a 
fairly abundant invertebrate fauna, overlying the fresh water 
Santa Cruzian beds, which are well represented in this vicinity 
and contain abundant remains of fossil mammals. It is pro- 
posed to call these deposits the Cape Fairweather beds from 
the name of the cape near which they were first observed. 

Going north along the shore, from the mouth of the 
Gallegos river, the Cape Fairweather beds are first seen at a 
distance of about two and a half miles, capping the summit 
of a high tableland on the north side of a rather deep cafion, 
which empties into the sea from the west. From this point 
these beds were traced six or eight miles farther north, along 
the bluffs of the coast; and were seen to extend for some 
distance westward into the interior, constituting the summit of 
the higher tablelands. In most places, where present, they 
are easily recognized by the remains of a large oyster, frag- 
ments of which may be seen in great abundance near the sum- 
mit of the more precipitous bluffs in this vicinity. They are 
best represented on Rudd’s farm, but are also to be seen on 
the bluff southeast of Mr. Jése Monte’s farmhouse, some six 
miles inland, though not well displayed. 

The Cape Fairweather beds have been deposited upon the 
eroded surface of the Santa Cruzian beds, as shown by the 
accompanying section, which was drawn from asketch made 
in the field, and represents very accurately the section of the 
two series of strata on the north side of the cafion above 
referred to from the top of the tableland, which is reached at 
z, to the level of high tide represented by the line a—é. 
The bluff here, as almost everywhere along this coast, is quite 
perpendicular, and the color, composition and relations of the 
various strata are easily seen. The irregular line c—d is the 
line of contact between the two series of beds and shows well 
the eroded surface of the lower series upon which the upper 
beds were deposited. 

These new marine deposits are of no very great thickness, so 
far as observed, only 30 to 40 feet. They consist below of a 
fine-grained, incoherent sandstone; and above, of a rather 
coarse, usually loose, but in places, extremely hard conglomer- 
ate which passes insensibly into the overlying great Pata- 
gonian Shingle formation, from which it can only be distin- 
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guished by the fossils it contains. Both the sandstones and 
conglomerates are fairly continuous, but the latter are 
frequently intruded into the former, and the sandstones some- 
times entirely replace the conglomerates. In both, marine 
invertebrates are quite abundant, and according to Professor 
Henry A. Pilsbry they point to a Pliocene age for the beds. 
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These beds are of interest as being the first instance of a 
marine formation overlying the fresh water Santa Cruzian 
formation, in regard to the age of which there has been so 
much doubt; unfortunately, however, they promise to be of 
little service in determining the age of the latter. It is quite 
probable that they may aid in correlating certain marine beds 
of Parana, discovered long ago and referred by Darwin, 
D’Orbigny and others to the Patagonian beds, but now 
known to be of much more recent origin. At present I 
believe them the equivaleut of those beds discovered by Dar- 
win in northeastern Tierra del Fuego and _ provisionally 
referred by him to the mammalian beds (Santa Cruzian beds) 
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discovered by Captain Fitzroy at the mouth of the Gallegos 
river and believed by Darwin to be more recent than the 
Patagonian beds. As evidence in favor of correlating the 
Cape Fairweather beds with those reported by Darwin in 
Tierra del Fuego, I may mention that in the former there are 
fragments of erab legs very similar to those found in the bluffs 
of San Sebastian bay; also the fact that all the Tertiary strata 
in this region dip very gently to the southeast, so that in going 
from north to south’ along the coast the different horizons 
appear at the level of the sea in chronological order. Near the 
Mt. of Observation, south of the Santa Cruz river, we find at 
sea level and for some distance above the Patagonian beds 
overlaid by the Santa Cruzian beds. Farther south, at Coy 
inlet, the Patagonian beds entirely disappear under the sea, 
and the Santa Cruzian beds are at the water level, and still 
farther south at Cape Fairweather they are overlaid by the 
Cape Fairweather beds; while at San Sebastian bay on the 
east coast of Tierra del Fuego the Santa Cruzian beds have 
disappeared below the sea and the Cape Fairweather’ beds 
alone are represented. A study of the Cape Fairweather beds 
may also afford important evidence as to the origin of the 
numerous salt water lakes in southern Patagonia; and as to 
the age, origin and distribution of the great Shingle formation 
of this region. These and other questions will be considered 
in a more exhaustive paper on the general geology of the 
country visited. 


Princeton University, Aug. 2, 1897. 


Natural History. 


SCIENTIFIC INTELLIGENCE. 


I. Natura. History. 


1. The New Series of Contributions from the Gray Her- 
barium of Harvard University, No. XI, by Mr. J. M. Green- 
MAN, deals with the Mexican and Central American species of 
Houstonia, being a revision of these. It contains also a Key to 
the Mexican species of Liabum, and Descriptions of more than 
forty new or little known plants from Mexico. Two new genera 
are added. G. L. G. 

2. Synoptical Flora of North America, Vol. 1, Part I, Fas- 
cicle II, contains critical descriptions of the North American 
species from Caryophyllacee to the Polygalacee ; by Asa GRay, 
LL.D., continued and edited by Bensamin Lincotn Ropinson, 
Ph.D., Curator of the Gray Herbarium of Harvard University, 
with the collaboration of Treveass, Se.D., Director of 
the Missouri Botanical Garden; Joun M. Coutrer, Ph.D., Pro- 
fessor of Botany in the University of Chicago; and L. H. Bartey, 
M.Sc., Professor of Horticulture in Cornell University. 

A succinct statement which accompanies this welcome publica- 
tion, shows exactly how the work stands at present. From this 
we learn that “of the Synoptical Flora, Protessor Gray pub- 
lished in 1878 and 1884, two parts including all the Gamopeta- 
lous Orders. These parts were reissued by the Smithsonian Insti- 
tution in 1886, and amount to nearly 1000 imperial octavo pages. 
For some time before his death Professor Gray, continuing the 
work, was engaged in monographing the earlier Polypetalous 
Orders. After the death of Professor Gray the preparation of 
the Synoptical Flora was carried on by Dr. Sereno Watson, and 
then by his successor, Dr. B, L. Robinson. 

“Following the original plan of the Flora, the treatment of 
the Polypetalous Orders will form, when completed, Volume I, 
Part I. Of this portion of the work the first fascicle, comprising 
the seventeen Orders from Ranunculacee to Frankeniacem, inclu- 
sive, was issued Oct. 10, 1895. The second fascicle now before 
us carries the work up to Polygalacex, and a third, to include the 
Leguminose, is now in preparation by Dr. Robinson.” 

Botanists appreciate sincerely the careful work which char- 
acterizes this joint treatise. Dr. Robinson has spared no 
pains to keep the Flora on the high plane of Professor Gray’s 
critical investigations, and he has received valuable aid from his 
distinguished collaborators. We think that the editor has been 
wise in adhering to the lines laid down by his predecessors. The 
limitations are here and there occasionally felt perhaps to be 
rather too strict, but the result has been on the whole far more 
satisfactory than would have been a complete or even partial 
overturn. Dr. Robinson and his coadjutors are carrying out the 
plan in a manner which must commend itself to all who know 
the circumstances of the case. G. L. G. 
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3. An Illustrated Flora of the Northern United States, Can- 
ada, and the British Possessions, from Newfoundland to the 
Parallel of the Southern Boundary of Virginia, and from the 
Atlantic Ocean westward to the 102d Meridian; by NarHaNnrEeL 
Lorpv Brirron, Ph.D., Emeritus Professor of Botany in Colum- 
bia University, and Director in Chief of the New York Botanical 
Garden, and Hon. Avpison Brown, President of the Torrey 
Botanical Club. The descriptive text chiefly prepared by Pro- 
fessor Britton, with the assistance of specialists in several groups ; 
the figures also drawn under his supervision. In three volumes. 
Vol. II. Portulacacese to Menyanthacee. Portulaca to Buck- 
bean. Charles Scribner’s Sons. 1897. 

The first volume of this work has been already noticed in this 
Journal. To what was then said, nothing need now be added in 
regard to the second volume, except further congratulations to 
the authors on their success in giving to Botanists a useful treatise 
at a very reasonable price. They maintain in the present volume 
the high character of typographical execution which made the 
first volume so attractive. The work is progressing steadily ; 
the final volume being promised for early winter. G. L. G. 

4, Guide to the Genera and Classificution of the North Ameri- 
can Orthoptera found north of Mexico ; by Samuet H. ScuppeEr. 
(Cambridge, Edw. H. Wheeler), pp. 1-89, 1897.—This conve- 
nient little set of tables for the identification of Orthoptera was 
prepared for the use of students, and is but preliminary to a 
fuller general work on the classification of the group. Although 
containing references only to data already published or about to 
be published, the tables include nearly two hundred genera. 

5. Das Tierreich. Eine Zusammenstellung und Kennzeichnung 
der rezenten Tierformen. 1 Lief. Aves. Redakt., A. Reichenow. 
Podargide, Caprimulgide u. Macropterygide ; bearb. von 
Ernst Harrert, pp. 1-98, figs. 1-16. Berlin, 1897. (R. Fried- 
lander & Sohn.) 


Il MIscELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. American Association for the Advancement of Science.— 
The forty-sixth meeting of the American Association was held at 
Detroit, from August 9 to 14. The President of the meeting was 
Dr. Wolcott Gibbs of Newport. The senior vice-president, Prof. 
Theodore Gill of Washington, who took the place of the retirirg 
president, the late Prof. E. D. Cope, delivered an able address 
upon Prof. Cope’s life and work. Addresses were also delivered 
by the vice-presidents of the several sections. Nearly three hun- 
dred members and associates were in attendance. The list of 
papers was considerably larger than at the last meeting. The 
fact that the British Association was to assemble at Toronto on 
August 18 gave especial interest to the occasion. 

The place selected for the next meeting of the Association—its 
fiftieth anniversary—is Boston and Prof. F. W. Putnam was 
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elected President. The Vice-Presidents chosen for the several 
sections are as follows: Section A, E. E. Barnard, of Chicago ; 
Section B, Frank P. Whitman, of Cleveland ; Section C, Edgar 
F. Smith, of Philadelphia; Section D, M. E. Cooley, of Ann 
Arbor; Section E, H. L. Fairchild, of Rochester; Section F, 
A. 8S. Packard, of Providence; Section G, W. G. Farlow, of 
Cambridge; Section H, J. McKeen Cattell, of New York City; 
Section I, Archibald Blue, of Toronto. Mr. L. O. Howard, of 
Washington, D. C., was elected Permanent Secretary. 


The following is a list of the papers accepted for reading : 


Section A. Mathematics and Astronomy. 


R. 8S. WoopwarD: Modification of Eulerian cycle due to inequality of the 
equatorial moments of inertia of the earth. Integrations of the equations of rota- 
tion of a non-rigid mass for the case of equal principal moments of inertia. 

A. MACFARLANE: A new method of solving certain differential equations that 
occur in mathematical physics. The theory of quadratic eq uations. 

T. H. SarrorD: Psychology of the personal equation. 

G. A. MILLER: The simple isomorphism of a substitution group into itself. 

ARTEMAS MARTIN: On rational right triangles. No. I 

VirRGIL SNYDER: Condition that the line common to n-1 planes in an z-space 
may lie on a given quadric surface in the same space 

J. B. SHaw: Communicative metrices. 

H. B. Newton: Continuous groups of spherical transformations in space. 

A. G. GREENHILL: Stereoscopic views of spherical catenaries and gyroscopic 
curves. 

F. H. BigGeLow: The importance of adopting standard systems of notation 
and coordinates in mathematics and physics. 

L, A. BAUER: On the secular motion of the earth’s magnetic axis. Simple 
expressions for the diurnal range of the magnetic declination. 

R. D. BOHANNAN: Remarkable complete quadrilateral among the Pascal lines 
of an inscribed six-point of a conic. 

J. W. GLover: General theorems concerning a certain case of functions 
deduced from the properties of the Newtonian potential function. 

W. H. METZLER: Compound determinants. 

W. S. AUCHINCLOSs: Waters within the earth, and laws of rainflow 

E. O. Lovett: The theory of perturbations and Lie’s theory of contact trans- 
formations. 

JAMES McMAHon: Some results in integration expressed by the elliptic inte- 
grals, 

W. F. Duranp: The treatment of differential equations by approximate 
methods. 


SecTion B. Physics. 


F. P. WHITMAN and Mary C. Noyes: Effect of heat on the elastic limit and 
ultimate strength of copper wire. 

A. L. FoLey: Arc spectra. 

C. F. Brusn: Transmission of radiant heat by gases at varying pressures. 
Measurement of small gaseous pressures. 

D. C. MILLER: Electrical conductivity of certain specimens of sheet glass with 
reference to their fitness for use in static generators. 

W. A. Rocers: Final determination of the relative lengths of the Imperial 
yard of Great Britain and the métre des archives 

S. J. BARNETT: Influence of time and temperature on the absolute rigidity of 
quartz fibers. 

C. D. Cuttp: Discharge of electrified bodies by X-rays. 

F. P. WuitMAN: On the brightness of pigmented surfaces under various 
sources of illumination. 
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H. S. Carnart: The design, construction and test of a 1250-Watt transformer. 

K. E. Gurue: Electrolytic action in a condenser. 

H. T. Eppy: Graphical treatment of alternating currents in branch circuits in 
cases of variable frequency. 

A, MaCFARLANE: On simple non-alternating currents. 

L. A. BAUER: Magnetic survey of Maryland 

R. L. Lirch: New method of determining the specific heat of liquids. 

G. L. Mower and F, BEDELL: Instruments for determining the frequency of an 
alternating current. 

W. J. HumpuHRreys: Effect of pressure on the wave-lengths of the lines of the 
emission spectra of the elements. 

U. L. Norton: New form of coal calorimeter. 

. R. Cross: Notes on the recent history of musical pitch in the U. S. 
. A. Laws: New form of harmonic analyzer. 

N. E. Dorsey: Determination of the surface tension of water, and of certain 
aqueous solutions, by means of the method of ripples. 

F. H. BigeLow,: Series of international cloud observations made by the U. S. 
Weather Bureau. and their relation to meteorological problems 

C. F. Marvin: Kites and their use by the Weather Bureau in explorations of 
the upper air. 

B. B. BracKeTT: Effects of tension and quality of the metal upon the changes 
in length produced in iron wires by magnetization. 

Kk. W. Morey and D. C. MILLER: On the coefficient of expansion of certain 


. F. Nicnoits: Note on the construction of a sensitive radiometer. 
. L. NicHous and K. Merritt: Photograph of manometric flames 
. W. PATTERSON, JR.: Electrostatic capacity of a two-wire cable 
C. P. Steinmetz; Screening effect of induced currents in solid magnetic bodies 
in an alternating field. 
Car. Barvs: Rate at which hot glass absorbs superheated water. Method of 
obtaining capillary canals of specified diameter. 
F. BEpDELL, R. E. CHANDLER and R. H. SHERWOOD, JR.: Predetermination of 
transformer regulation. 
W. R. Wuitney: An electrical thermostat. 
W. O. AtwaTeER and E B. Rosa: Apparatus for testing the law of conserva- 
tion of energy in the human body. 
FE. B. Rosa and A. W. Smita: Electrical resonance and dielectric hysteresis. 
MARGARET E Matty: Method for the determination of the period of electrical 
oscillations and other applications of the same. 
C. P. MatrHews: Two methods of measuring mean horizontal candle power. 


Section C. Chemistry. 


A. B. Prescott: Alkyl bismuth iodides. Kola tannin. 

J. U. Ner: Chemistry of methylene. 

P. C. Freer: Action of sodium on methylpropylketon and on acetophenon. 
Constitution of some hydrazones. 

A. W. BuRWELL: Decomposition of heptane and octane at high temperatures. 

F, J. Ponp and F. F. Beers: Derivatives of euganol. 

KE. W. Mortey: Determination of the volatility of phosphorus pentoxide. 

L. M. Dennis: Recent progress in analytical chemistry. New form of dis- 
charger for spark spectra of solutions. 

A. L, GREEN: Qualitative analysis: a point in teaching that was not a full 
success. 

Eien H. Ricnarps: A new color standard for use in water analysis. Contri- 
butions from the laboratory of water analysis. 

L. M. DENNIS and C, G. Ep@ar: Comparison of methods of determining carbon 
dioxide and carbon monoxide. 

FE. D. CAMPBELL and F, THompson: Preliminary thermo-chemical study of 
iron and steel. 

E. D. CAMPBELL and S. C. Bascock: Influence of heat treatment and carbon 
upon the solubility of phosphorus iu steel. 


Miscellaneous Intelligence. 


{. H. S. BAILEY: Chemical composition of cement plaster. 

EK. A. DEBAR: Decomposition of halogen-substituted acetic acids. 

H. Poote: Determination of fat and casein in feces. 

C. BASKERVILLE and F. W. MILLER: Reactions between mercury and concen- 
trated sulphuric acid. 

HARRY SNYDER: Position in the periodic law of the important elements found in 
plant and animal bodies. 

L. KAHLENBERG and A. T. LINcoLN: Solutions of silicates of the alkalies. 

H. P. Capy and E. H.S. BaiLey: Electrical conductivity and electrolysis of 
certain substances dissolved in liquid ammonia. 

A. A. Noyes and W. R. Wuitney: The rate of solution of solid substances in 
their own solutions. 

W. R. WuitnEy: Stereometric measurement of the velocity of a reaction. 

R. C. KEpZIE: Some contributions to methods of testing flour. 

LEON LABONDE: Distillation in general. 

M. D. Souon: An electrical laboratory stove. 

H. W. Witey: Recent progress in agricultural chemistry. 

H. W. Witey and W. D. BigeLow: Calculations of calorimetric equivalents of 
agricultural products from chemical analysis. 

W. H. Krueé and H. W. WILEY: Solubility of pentosans. 

C. B. CocHRan: Detection of foreign fats in butter and lard. 
F. D. Stwons: Action of certain bodies on the digestive ferments. 
E. A. DE SCHWEINITZ: Bacteriological products of hog cholera and swine 
plague. 

Wma. McMurtri£: Recent progress in industrial chemistry. 

H. C. Botton: Annual report on indexing chemical literature. 

E. E. EwE.i: A continuously revised compendium of chemistry. 


Section D. Mechanical Science and Engineering. 


VW. S. ALDRICH: Development of engiveering industries by scientific research. 

F. P. Spatpine: The cement Jaboratory as a field for investigation. 

R. C. CARPENTER: Effects of temperature on the strength of steel Properties 
of aluminum alloys. 

F. R. Jones: Theories of some planimeters without the aid of calculus. 

D. P. Topp: Engineering conditions connected with the mounting of in- 
struments used in eclipse expeditions. 

D. 8S. Jacosus: Flue gas analysis in boiler tests. 

H. S. Caruart: Universal alternator for laboratory purposes. 

W. E. GoLpsBorouGH: Calculation of energy lost in armature cores. 

W. A. Rogers: Production of X-rays by means of Planté accumulator. 

J. B. Jounson: Definition of elastic limit for practical purposes, 

M. FE. Cootey: New apparatus for testing indicator springs. 

W. F. M. Goss: Effect of spark losses on the efficiency of locomotives. 

THOMAS GRAY: Machine for measuring friction under heavy pressures. 

J.J. FLATHER: New formula for determining the width of leather-belting. 
Graphical solution of belting problems 


Section EK. Geology and Geography. 


F. W. Simonps: The Granite Mountain area of Burnet County, Texas, 

W. H. SHerzer: Exposures near Detroit of Helderberg limestones and asso- 
ciated gypsum salt and sandstones. 

R. T. Hitt: Nomenclature of the Carboniferous formation of Texas. 

BAILEY WILLIS: Stratigraphy and structure of the Puget group, Washington. 

J. U. Uxpen: The loess as a land deposit. 

EpwARD Orton: Ice-transported bowlders in coal seams. 

W. S. GresLey: Clay-veins vertically intersecting Coal Measures. 

J. W. Spencer: Analogy between declivities of land and submarine valleys. 
Great changes of level in Mexico and the inter-oceanic connections. An account 
of the researches relating to the Great Lakes. 

H. F. Osporn: The geological age and fauna of the Huverfano basin in 
southern Colorado. 
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FraNK LEVERETT: Lake Chicago and the Chicago outlet. 

F. B. Taytor: The lower abandoned beaches of southeastern Michigan. 
Some features of the recent geology around Detroit. 

G. K. Gitpert: Recent earth-movements in the Great Lake region. 

H. L. Farrcuitp: Pre-glacial topography and drainage of central-western New 
York. 

T. C. CHAMBERLIN: Supplementary hypothesis respecting the origin of the 
American loess. 

F. H. NEWELL: Progress of hydrographic investigations by the U. S. Geologi- 
cal Survey. 

T. C. Hopkins: Stylolites. 

W. N. Rice: Suggestion in regard to the theory of volcanoes. 

H. P. PARMELEE: Ores and minerals of Cripple Creek, Colorado. 

R. P. WHITFIELD: Observations on the genus Barrattia. 

M. A. VEEDER: Ice jams and what they accomplish in geology. 

A. C. LANE: Notes on the geology of the lower peninsula of Michigan. Lower 
Carboniferous of Huron County, Michigan. 


Section F. Z0ology.* 


THEODORE (}ILL: On the relationships of the Nematognaths. 

H. S. Ospors: Skeletons and restoration of Tertiary Mammalia. Reconstruc- 
tion of Phenacodus primevus. Modifications and variations and the limits of 
organic selection. 

H. C. OBERHOLSER: Geographical distribution of the golden warblers. 

W. E. Hoye: Collection of the Cephalopoda from the Albatross expedition. 

B.T. KrxGspury: Characters ofthe brains of Nematognaths and Plectospondyls. 

C. S. Minot: Notes on the embryology of the pig. Harvard embryological col- 
lection. 

H. G. HupsarpD: The insect fauna Cercus giganteus. 

C. C. NuttinG: Sarcostyles of the Plumularide. 

F. M. Wesster: Study of the development of Drasteria erecta. Brood XVI 
of Cicada Septendecim. 

W. G. Jonxson: Notes on some little known insects of economic importance. 

P. H. Rotrs: Fungus diseases of the San José scales. 

H. K. KikKLAND: On the preparation and use of arsenate of lead. 

C. P. GILLETTE: Vernacular names of insects. A successful lantern trap. 
An unusual outbreak of certain plant-lice in Colorado. The peach-twig borer 
(Anarsia lineatella Zell.) 

C. L. MARLATT: Notes on insecticides 

F, M. Wesster and C. W. MALLY: Insects of the year. 

F. H. CuitTeNDEN: The bean-leaf beetle (Cerotoma triturcata, Forst.) Notes 
on certain species of Coleoptera that attack useful plants. On insects that affect 
asparagus, 

T. D. A. COCKERELL: An experience with Paris green. 

F. W. Gopine: Ledra perdita versus Centruchus Liebeckit. 

J. M. ALpricu: The pine butterfly of the Pacific Northwest. 

W. B. Barrows: The present status of the San José scale in Michigan. The 
malodorous carabid Nomius pygmeus. 

C. L. MartaTT: The peach-twig borer (Anarsia lineaiella.) 

L. O. HowarbD: Temperature experiments as affecting received ideas on the 
hibernating of injurious insects. A valuable coceid. Additional observations on 
the parasites of Orgyia leucostigma. Remarks on the distribution of scale insect 
parasites 

PavuL MArcHAL: Notes on injurious insects in France during the season of 
1896-7. Notes on injurious insects observed in Algeria and Tunis, in 1896-7. 

N. M. Scuoyon: Notes relating to some of the more important noxious insects 
in Sweden. 

C. P. Lounssury: Notes on a few injurious insects which have attracted 
special attention at the Cape of Good Hope during the year. 


* Including papers read before the Association of Economic Entomologists. 
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Section G. Botany. 


C. A. Davis: Trilliwm grandijlorum (Michx.) Salisb.; its variations, normal and 
teratological. 

E. J. DuRaAND: Discussion of the structural characters of the order Pezizine of 
Schroeter. 

K. E. WikGAND: Taxonomic value of fruit characters in the genus Galium. 

C. E. Bessey: Report upon the progress of the botanical survey of Nebraska. 
Some characteristics of the foothill vegetation of western Nebraska. Are tlie 
trees receding from the Nebraska plains? 

B. T. GALLOWAY: Changes during winter in the perithecia and ascospores of 
certain Erysiphee. The Erysiphew of North America. A preliminary account of 
the distribution of the species. 

L. R. Jones: Some contributions to the life-history of Wematococcus, 

A. E. Woops: Bacteriosis of carnations. 

E. F. SmitH: Walker’s hyacinth bacterium. 

G. F. ATKixson: Notes on some new genera of fungi. Comparison of the 
pollen of Pinus, Taxus and Peltandra. 

C. A. PETERS: Reproductive organs and embryology of Drosera. 

J. O. SCHLOTTERBECK: Development of some seed coats. 

J. H. Scuvetre: Contributions on wild and cultivated roses of Wisconsin and 
bordering States. 

Fanny E. Lanepon: Morphology of the flower of Asclepias cornuti, 

BoHUMIL SHIMEK: On the distribution of starch in woody stems. 

J. B. Pottock: Mechanism of root curvature. 

R. H. TRUE and C. G. HUNKEL: The toxic action of phenols on plants. 

F. C. NEwcomBeE : Cellulose-ferment. 

C. P. Hart: Is the characteristic acridity of certain species of the arum family 
a mechanical or a physiological property or effect ? 

W. J. BEAL: How plants flee from their enemies. 

A. P. ANDERSON: Stomata on the bud-seales of Abies pectinata. Comparative 
anatomy of the normal and diseased organs of Abies balsamea (L.) Miller, affected 
with Aecidium elatinum (Alb. et Schwein). New and improved self-reg:stering 
balance. 

C. O. TownseND: Correlation of growth under the influence of injuries. 

W. W. RowLee and K. E. WieGanp: The botanical collection’of the Cornell 
Arctic expedition of 1896. 

E. F. Smita: Description of Bacillus phaseoli n. sp., with some remarks on 
related species. On the nature of certain pigments, produced by fungi and bac- 
teria with special reference to that produced by Bacillus solanacearum. 

D. H. CAMPBELL: Notes on Jamaica. 


Section H. Anthropology. 


ZELIA NUTTALL: Superstitions, beliefs and practices of the ancient Mexicans. 

W. MattTHews: The study of ceremony. 

Anita Newcoms McGee: Koreshanity: a latter-day cult. 

8. D. Peer: Comparison of Cherokee and European symbolism. Serpent sym- 
bols in Nicaragua and Yucatan. 

R. J. FLoopy: Origin of the week and holy day among primitive peoples. 

STanssurRY HaGaR: Micmac mortuary customs. 

F. W. Putnam: Recent researches, by George Byron Gordon, on the banks of 
the Ullva river in Honduras for the Peabody Museum. Early man in the Dela- 
ware valley. The Jesup expedition and the Asiatic-American problem. 

W. H. Hotmes: Surveys of ancient cities in Mexico. Archzeological researches 
in the Trenton gravels. 

M H. Savitue: Ancient figure of terra cotta from the valley of Mexico. Geo- 
graphical distribution of a certain kind of pottery in Mexico and Central America. 
Decoration of the teeth in ancient America. 

G. N. Knapp: On the implement-bearing sand deposits at Trenton, N, J. 

H, B. KuMMEL: Implement-bearing sand deposits at Trenton, N. J. 
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G. F, Wrieut: Discussion of the relics from the sands deposits on the Lalor 
farm. 

H. C. Mercer: Report of an examination of the trenches dug on the Lalor 
farm, July 25-29. 

THOMAS WILSON: Investigation in the land deposits of the Lalor field. Origin 
of art as manifested in the work of prehistoric man, 

R. D. SaLispuryY: Geologic age of the relic-bearing deposits at Trenton, N. J. 

F. H. CusHin@: Genesis of implement-making. 

H. P. PaRMELEE: Prehistoric implements from Charlevoix, Michigan. 

W. K. MoreneaD: An archzologic map of Ohio 

ALICE C. FLETCHER: The import of the totem—a study of the Omaha tribe. 
Right of adoption as practiced by the Osage tribe 

D. C. Worcester: The Tagbanuas of the Philippines. The Mangyan of the 
Philippines. 

W. W. Tooker: The significance of Johu Eliot’s Natick. 

A. Hrpuicka: Anthropoiogic work of New York State pathological institute. 
Description of an ancient skeleton found in adobe-deposits in the valley of Mexico. 

H. I. Smitn: Ethnologic arrangement of archze logic material. Popular anthro- 
pology in museums. 

LIGHTNER WITMER: Experimental analysis of the relations of rate of move- 
ment to certain other mental and physical processes. 

J. McK. CaTTELL: Statistical study of eminent men. 

Cart LumMuo.tz: Case of trepanning in northwestern Mexico. 

O. T. Mason: Artificialization of animals and plants. 


Section I. Economic Science and Statistics. 


W. H. HALE: Civil service reform. (1) Conflict with the spoils system in the 
State of New York. (2) Relation of the system to the question of the State and 
municipal ownership of the quasi-public works. 

Mary Forster: The competition of gratuitous workers. Economic position 
of women. 

C. P. Hart: Labor restrictions as potent factors in social evolution. 

L. IRWELL: Racial determination: The increase of suicide. 

Henry FarQuuar: Wheat consumption in the United States. 

H. W. Witey: True meaning of the sugar schedule of the new tariff 

Marcus BENJAMIN: Contributions to the development of the meterology by 
the Smithsonian Institution 

I. P. RoBerts: The promotion of agricultural science. 

C. P. GitLette: Weights of bees and the loads they carry. 

W. R. LAzensy: Annual growth of forest trees 

C. C, JAMES: The municipal system of Ontario. 

ARCHIBALD BuLvueE: Note on the silver question. 

B. W. DeCourcy: The U.S. idea in laying out the public lands and the evils 
resulting therefrom. 


2. The Transactions of the American Microscopical Society, 
volume xviii.—This volume contains the report of the nine- 
teenth annual meeting held at Pittsburgh in August, 1896, 
and gives in full a large number of papers with the discussions 
which they called out. The presidential address by A. Clifford 
Mercer discusses the experimental study of aperture as a factor in 
microscopic vision, and is accompanied by a series of plates giv- 
ing reproductions of photomicrographs. 


Roy Hopping, 
5 and 7 DEY STREET, 
New York, U. S. A. 


LOOSE CRYSTALS A SPECIALTY. 


Free or detached. Perfect or nearly so. 


Almandite, highly modified, Aragonite, 
simples and twins, Bilin; also sixlings, 
pseudohexagonal, Arsenic, erystallized, 
small spheres, Calcite, Joplin, rare points 
and English Butterftly-twins, Celestite, acute form, Cuprite, green, France, 
Dolomite var Teruelite, Spain, black, tworhombs and base, Fluroite green pene- 
tration twins, Magnetite, octahedrons and parting crystais, Hornblende, twins 
and simples, Bilin, Martite, Mica, emerald green, Microciine, green, Monazite and 
Xenotime, Olivine, new, Orthoclase, right and left Karlsbad twins, Phenakite, 
Phlogopite, large, Pinite, Pyrite, Pa rare 4% planes; Brazil, “iron cross” penetra- 
tion twins; Quartz, black Spain, red, N. Mexico, dodecahedral, “ lopsided,” slim, 
striated, milky quartzoids, etc., Selenite, simples and “hour-glass phantom” 
twins, Staurolite, simples, oblique and right-cross twins, Titanite, wedge crystals, 
Canada, Swiss cruciform and arrow-head twins, Topaz, with base, brilliant, gemmy ; 
Zircon, bright, mahogany brown, two pyramids, acute habit Fig. 6, Dana, new 
locality. Prices 10c., 1ic., 25¢., rarely over except for extra fine examples. 
List free. 

COLLECTIONS for beginners, students, high schools and universities at $1, 
$5, $10, 350, $100. Full lists, etc., in my new School Bulletin, 5 full page illus- 
trations of crystal figures, etc., 6c. 

CABINET SPECI MENS—Five cases from Austria, Hungary, France and 
Germany just received and numerous boxes from American localities have arrived 
recently. List of new arrivals on application. 


SYSTEMATIC COLLECTION 
For teaching MINERALOGY, GEOLOGY and ZOOLOGY a specialty. Reductions to suit the 
times on iarge collections purchased now. 
RELIEF MAPS AND MODELS. 

Almost the only place for correct and artistic work in this line. Send for list of 40 Reliet 

Maps for Schools and Colleges. New Model of Southern New England just completed. 
LANTERN SLIDES, CHARTS, ETC. 
METEORITES. 

A good price paid for all kinds. Have the best machinery for cutting and polishing. Have 
now on hand for sale about FOUR TONS OF METEORITES from 40 cents to $200 per Ib. Among 
them are Canon Diablo complete, 40 cents to $1.00 per pound. Polished and etched sections 4 
to 5 cents per gram. 

Per Gram. Per Gram. 


Toluca, . - $8to 5cents. Fayette Co. (4), . . Béto Scents. 
$3.00 


El Capitan (1), . . . . Wto% Cross Roads (5), . 
Cherokee (1), 4d New Concora, 
Rockwood (2), . - Sto 8 Beaver Creek (6), 
Dojialnez (3), . . . Wtol5 Kessen, . 15 
Liano del Inca (8), . Pultusk, . ‘ 18tols 
(1) Described in this Journal Sept., 1895. (2) Ibid Nov., 1887. (8) Proc. Roch. Acad. § 
Vol.1. (4) This Journal Aug., 1888. (5) Ibid July, 1893. (6) Ibid June, 1894, 


EDWIN E. HOWELL, 612 17th St., N. W., Washington, D. C. 


\ \\ / 
SOMA 


COLLECTIONS OF THIN-SECTIONS FOR PRACTICAL 
MICROSCOPIC-PETROGRAPHICAL STUDY. 


These collections contain thin sections of all the more important types of rocks 
as mentioned in the lately published (Stuttgart, 1896). 


MICROSCOPIC PHYSIOGRAPHY OF ROCKS 
By H. ROSENBUSCH, 3d edition. 


To each one of them will be added a brief printed description of all the speci- 
f mens and sections (by Prof. Dr. K. Busz, Miinster) in order that the student him- 
self may be able to recognize and determine the constituents of the rocks. For the 
present, three such collections will be provided. 


1. Collection of 120 thin sections in elegant case,....-..--------------- $38.00 
Together with the 120 specimens—size 84x llem, -.-.-...-------- 63.00 
2. Collection of 180 thin sections in elegant case,_.-.....-.-.---------- 56.00 
Together with the 180 specimens—size 84 x llem,-...-.-.--.----- 98.00 
3. Collection of 250 thin sections in elegant case,_......--.------------- 81.00 
Together with the 250 specimens—size 84x llem,..-.-...--.----- 144.00 


ROCKS OF THE ODENWALD. 
Complete collection of the most interesting rocks of the Oden- 
wald Mts. in Germany, including all dike rocks ( Orbite, Luciite, Malchite, Beer- 
’ bachite, ete.) mentioned in the new Microscopic Physiography of Rocks by H. Rosen- 
busch, as well as metamorphic rocks, to which will be added a short description 
of their macroscopical and microscopical characteristics by Professor D. C. Chelius, 
of Darmstadt. 
Collection of 100 thin sections in elegant case,.....---------.-------------$30.00 
Together with the 100 specimens—size, 84x llem,........------.------ 50.00 
As all thin sections will be microscopically examined before being delivered, we 
can guarantee their perfect reliability and that they exhibit all the characters as 
mentioned in the above named descriptions. 


NEW METEORITES! 

Laborel, France—Chondrite, date of fall, 14, vi, 1870. Fragment with crust: 
88 gr., $95.00: 3.5 gr., $5.00. Small fragments with and without crust, per 1 gr, 
$0.50 to $1.00 

Lesves, Prov. Namur, Belgium—Chondrite, date of fall, 13, iv, 1896, fragments 
with crust, 125 gr., $170.00; 32 gr., $43.00 ; 2.6 gr., $6.00. Small fragments 
with crust, p. 1 gr., $2.50. 

Zebrak (Praskoles), Bohemia—Chondrite, date of fall, 14, x, 1824. Fragment 
with crust, 51 gr., $107.00. 

Beaconsfield, Victoria, Australia—Siderite, discovered 1896. Slices of various 
size, per 1 gr., $0.25. Detailed Price-List on application 

NOVELTIES.  Bismite, Broeggerite, Darapskite, Epididymite, Kainosite, 
Knopite, Leucophane cryst., Lorandite, Lossenite, Rathite, Salvadorite, Sulphoborite. 
Only FEW specimens. 

Minerals and fossils in single specimens or in collections, bought or exchanged. 

New editions of the following lists have come out and will be sent on demand: 

Catalogue I*: General catalogue of crystal models in wood, plate glass and 
paste-board, new crystallographical apparatus and instruments. 

Supplements 1 and 2 to Catalogue IV ; New Rocks. 

Catalogue V*: Professor Groth’s collection of 396 crystal-models in wood. 

Catalogue VIII*: Prof. Hinke’s student collection of 150 crystal-models in wood. 

Catalogue XI: Prof. Vrba’s Collection of 280 crystal-models in paste-board. 

Catalogue XII: Professor Baumhauer’s collection of 102 crystal-models in 
plate-glass. 

List of new acquisitions of excellent fossils. 


DR. F. KRANTZ, 


RHENISH MINERAL OFFICE, 
BONN ON THE RHINE, GERMANY. 


ESTABLISHED 1833. 


Represented in the United States by Messrs. Eimer & Amend, 
205-211 Third Avenue, New York. 


MINERALS. 


Among the many additions recently 
received in this department, we will 
note butafew. If there is anything 
you desire in the mineral line, write 
us, and your letters will receive prompt 
attention. 


AWARUITE. Rounded grains of this 
rare nickeliferous iron (containing as 
much as 67.6 per cent. of nickel) in sand 
from New Zealand. $1.00 to $5.00 


SILICEOUS INCRUSTATIONS on twigs, from Hot Springs 
district, New Zealand. $0.25 to $1.50 


OPALS, Queensland, Australia, ranging in price from $1.50 to $50.00 


CASSITERITE (Stream Tin). In large pebbles from New South 
Wales. $0.75 to $1.50 


PISOLITIC LIMONITE of brick-red color, from Tern Island off 
coast of Queensland. (Polished sections. ) $0.50 to $6.00 


ITACOLUMITE (Flexible Sandstone), India, from 7 inches to 2 ft. 
3 in. long. $0.75 to $6.00 


URANOTHALLITE, Joachimsthal. $2.00 to $5.00 
PHOSGENITE, Monte Poni. $1.00 to $7.00 
VARISCITE, Utah. $1.00 to $10.00 
WIRE SILVER, Freiberg, Saxony. $0.25 to $5.00 


METEORITES. 


We make a specialty of Mretrrorites. If you wish to pur- 
chase, or if you have meteorites to sell or cut, write us. 


Send for our Special Catalogue of Meteorites, 80 pages, 24 illustrations, 25 cents. 


Catalogue of Minerals, 168 pages, 25 Cents. 
34 Circulars sent on application, giving prices of the other 19 catalogues issued by us. 


MINERALS SENT ON APPROVAL. 


Ward’s Natural Science Establishment, 


1i8—28 COLLECE AVE., ROCHESTER, N.Y. 


—— 


RECENT PUBLICATIONS. 


Stones for Building and Decoration. 


By George P. Merrill. New Edition. Revised and enlarged. 8vo, 
cloth, $5.00. 


Practical Assaying. 


By H. Van F. Furman. Fourth Edition. 8vo, cloth, 33.00. 


Determinative Mineralogy and Blow-Pipe. 


By Prof. George J. Brush. With an introduction on Blow-pipe 
Analysis by Professor S. E. Penfield, Sheffield Scientific School. 


Rewritten and reset. 8vo, cloth, $3.50. 


Notes on Assaying. 


By P. De Peyster Ricketts, E.M., Ph.D., Professor of Analytical 
Chemistry and Assaying, and Edmund H. Miller, A.M., Ph.D., Tutor 
in Analytical Chemistry and Assaying, in the School of Mines, Colum- 
bia University, New York. Rewritten and reset. 8vo, cloth, $3.00. 


A Catalogue of Minerals. 


Alphabetically arranged. By A. H. Chester, Professor of Miner- 
alogy, Rutgers College. Third Edition. 8vo, cloth, 31.25. 


Cyanide Processes, 


By E. B. Wilson, E.M. 12mo, cloth, $1.50. 


The Chlorination Process. 


By E. B. Wilson, E.M. 12mo, cloth, $1.50. 


JOHN WILEY & SONS, 


53 E. 10th Street, New York City. 
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